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PART 1 --PURPOSE OF THE COURSE ' v « 

Historians of science, notably T.S. Kuhn, have suggested that major scientific discoveries frequently . 
occur as slow metamorphoses rather than unique events. Such a slow metamorphosis is presently 
responsible for an entirely new way viewing our earth, its processes and its history. 

Kuhn (1970) desofibes the maturation of a science as tangerttlal groups of studies being united by a 
^ major theory which iS consistent with a large body of observations. Copewican astronomy, 
' ^ Newtonian physics and Lavoisier's oxygen theory of combustion are sorrte excellent examples of 
' revolutionary theories that ha>^e,emerged in response to a breakdown in the ability of previously held . 
beliefs to explain a growjjMitody of obsen/fttions. It is the appearance of such new theories, termed 
' ' paradigms by Kuhn, wh|8Blllovvs-thd (jorrelation, integration and explanation of observed puzzles • 
and anomalous data, thS^Wowing, scienpe tp progress to the point where, a new paradigm becomes 
necessary." ' • ^ * \ 

Suoh,9 point was reached in the earth sciences in the late 1950's. Maps and oceanographic, charts 
procJuoed for nuclear submarines began to show that Jhe seventy percent of ^he earth's surface 
whifch lay below the oceans was not the flat,. Unconriplicated place ,that it was once thought to be. 
Vast mountain ranges and deep, trenches were among the most impressive structures of a 
topography quite unlike anything observed on the'land surface, of the earth. P.J. Coney (1970) states 
that perhaps the most startling discovery resulting. from the explosion in oceanographic research 
has been the fact that the OCEANIC RISE is one of^the major features of our planet. It is a system of 
adjoining rifts, which circles the globe like the seams on, a baseball. Such rnajor features of <3ur 
earth demand an explanation and the emeVgenc^ot*the,pla<e tectonic theory of continental drift has 
precipitated a major scientific revolution: Canadian' gdalogist J. Tuzo Wilson (1971) states that: ^ 

; ... The acceptance of continental drift has transformed the earth sciences from a gfoup of . . 

rather unimaginative studies based on pedestrian interpretations of, nalural 
\, ^ phenomena into a unified science that is exciting and dynamic and that holds out the 

promise of great practictil advances for th^., future ... ' > 

Geology 12 and ^arth Science 11 are intended to prqvide secondai^ school students with the 

' ^ background and the desire to investigsrte their earth/its materials and its processes. ^ 

f 

References Cited: 

1. Conej^, Peter J., 1970. The G^eotectonic Cycle and%e Ne]p Global Tectonics: Geological Society of 
/ America Bulletin, Vol. 81. pp. 739-747. ' ' • ^ 

-.'.Vs. Kuhn. T.S., ld70, The Structufe of Scientific Revolutions, (Second Ed., enlarged), ^Univpr^ity of 
Chicago Press. ' ' 

■, ., - ■ - • 



^ ■ 



ERIC 



7 



PART 11^ — THE SCIENCE OF GEOLOGY \ 

Geology, the science of the earth, is concerned with the systematic study pf rocks and minerals, in 
which the/e id preserved the history of the planet earth. The geologl6 record shows that processes 
have long been ''at work* on the surface of the^ farth and deep within it 

The sciences of geology and astronomy have made and continue to make contribution^ to our 
knowledge about the earth's origin .and place in the solar system; in attempting to pnderstahd* the 
earth's dynamic evolution, geology makes use of physics and chemistry; and in its in(|ulryJp\o the 
origin and evolDtipn of life, it embraces biology and contributes to the. understanding of ancient 
geography. In short, geology (and science) must use every available tool in the difficult task of un- 
derstanding the planet on which we live. ■ , ^ 

Investigations of the physical properties and internal processes are cfalled geophysics. The study of 
the meaning and implications of the fossil record js termed paleontology. Aspects of geology that 
deal with chemical processes are referred to as geochemistry. But geology has powerful tools of its' 
own, especially geologic mapping and Its application to the exploration of mineral resouVces. 

Geologic information is derived from the accurate and systematic study ot rocks. and nrtinerais; soils 
and fossils whict? provide all the ingredients for observation, measurement and analjy?5lS. FMrther, the< 
study of diverse forms of the land surface and the sea floors, and of the yarroyfi processes that 
produce and^change them is a vital part of the sciences of geology, physicar ^eoQi'sp'^y ^nd 
oceanography. 




PART 111 — FOCUS OF 

Geology 12 should provide an^m^fejjgnitv fo 

terest vyas stimulated by earlier ^tLjay of earth 
requiring as a prerequisite a background in science 
desirable prerequisite to Geology 12. 




dents winose ability and i.n- 
em atjademic science course 
mathematics. Earth Science 11 is a 



The following guide outlines a core program. Local geology is intended as a major course theme in 
^addition to and integrated with this core outline. It -is estimated that a study of local geology will 
comprise approxin^ately 25% of the course. Broader themes should stress*the geology of British 
Columbia, Canada, and r^orth America. Plate tectonic/cohtinental drift theory y^ill be utilized as a 
jgeneral unifying theory. As well, consideration will be given to the earth as a planetary body in 
relation to the geology of members of the inner solar system. It is desirable that reference be made 
to the Earth Science 11 curriculum guide, Section B (Geologic Science) and Section D (Resource 
•Sciences). 



PART IV MAJOR GOALS 

>., ^ 
1. To providfe students with the-4eslre and foundation to investigate their earth, its' 
processes as wel|=afs to illustrate fundamental geological concepts t 
regional .geology. '\ 



2, 
3. 



To encourage th^ study pf geology as an aesthetic science as well a 




-long dvocati 



To focus the students attention on the most Important conceptjBii^ ^oldcyS^ 
plate tectonic and continental drift theory, and to study its ^IdityBas a f^!^jW^ 



To understand the methods of measuring geologic time, its sighificai^dgi^gd^lf 
reconstruction of earth history. 



icai)C^j^ie:ti 



ficiltans in the 



To provide a basic understanding'of the methods and practice of field itudy^^n |h^ geolog 
sciences. 



ic 



^e.'^ To discuss critically the gedloglcal evolution of Western Cansda. I 

7. To examine the important relationship lletween economic, environmental and geological con- 
siderations of non-rin^able mineral and fossil fuel, resources. 

8. To understand, the Jiazard^'associafed with living in a lisnd prone to landslides, earthquakes, 
floods, etc. ^ • . 

S'. *TO'$nable the'"8\udert to discuss the origin of the planet Earth in terms of'its place in the solar 
* i'.' sysfqm. ' , ' » - 



; PAI^T V — TERMSf AND Dj^FINITIONS , 
T«ktbopki: . f 

A subject vytth a scope as broad as, physical and historical geology cafinot be adequately covered in 
'■^-a single Jbxtbook, so teachers have been presented with a choice of text and reference material. It is 
recommended that teachers select texts from the lists provided in suchiA manner as to-best sup- 
plerrtent each of, the 'majGr area^ of: ^tudy. (See list of Textbboks in Xhe Appendix of this Guide.) 

EqulpiMht and supplies: » 

.A Qonoprehensive list of equipment and supplies has been provided in order to allow for variations 
•from school to school. The list conftains all the materials necessary for completioii of the in- 
vestigations in each^phase of the course; however many supply items- such as beakers or certain 
• chemicals may. already be present in a school in sufficient quantity. 

Ofher Aids: ' 

J\^re are many excellent films, film strips, slide sets and transparencies available and as many as 
possible have been listed. Because of the specialized nature of this course, teachers are en- 
coiaraged to develop their own sets of slide§ of local geological features. 



Jfiitourcf Material: 

Hebource material is included in this Guide for each section of the course. Teachers and students 
^/selecrthe Activities and Investigations considered most suitable for the class. It Is not in- 
^ hat, all Activities and Investigations be tried. The resource material is provided to help 
I'eais which may be useful to teachers and students. % 

1 Activities and Investigations are indicatedl following most learning outcomes in the 

2 course. 




It is intended^that approximately 70 to 75% of the time for Geology 12 be devoted to adequate 
coyetage of the core topics. (See suggested time allotments per section iselow.) All learning out- 
considered essential to the understanding of Geology 12 are indicated-with an asterisk ( ★ ). 
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•eli»|flrtl)|p Ixam: 

It will b« poMible for ttudents to write a scholarship examination in Qeology 12. All scholarship 9«h- 
dldatM thOMld have studied the complete program as outlined, with particular emphasis on the core 
mat«rli\l. • ' . , . 

Sii0gMt«d TliiM AHotimnte: 

'* . Core Total 

Section A • 40% 50% . ' 

Section B . 20% • 40% 

Section C • 5% 5% ■ 

Section D 5% 5% * . 

ro% 100% . 
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MCTIOHA mytfcAL aeOLpOY. 

•esrth "Mattkrlnis \ • 
Eirlh 'ProMSMS Surface 
^ . Earth Prooaa$«8 ~ Subaprface 
StruotOral Otology 



it 



•.WCnON B MWTOmCAL QiOLOQY . , . . . . . >. . 

Time and Me^aaurement of Time 

The Foaail RMtord 

Interpreting tne^Qeological Rectimi 



40 



ICVKM C tAMTN RitOURCeS. 

Eoondmic Qeiology 
Reaource Problems 



iidtlOM D PUNfTOLOdY. 



, The* Earth and the Solar Syatem 
, The Earth-Moon System 



Tha GTaology of the Inner Solar sy^em 

U -Hi.: 
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LtARNINQ OUTCOMES AND SUOqEiltD ACTIVltlK8 



Earth Materials 
Earth Processes ~ Surface 
Earth Processes ^ Subsurface 
Structural Geology • 



teucher Resource Material is indicated by number in the pareniiiem folliming rnost Learning ^ 
Ou&mes. Details regarding references, activities and investigations foltaw ^ rf^peptive sec-^ * 
Horn of the Geology 12 course. (These are suggested activities dwly. and tnaif fie med'ai ffte 
diacretion tif tke^ teacher) ' • ' • . 
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.EARTH MATERIALS 

The study of earth materials includes consideration of important rocks and minerals. As, such, [t, 
forms as integral part of the study of local geology and related industries. This study provides a brief 
introduction to such disciplines within the geological sciences as MINERALOGY, .PETROLOGY, and 
CRYSTAL QHEMISTRY. - ' 



LEARNING OUTCOMES 



Part 1 — Introduction to Rocks and Minerals 

The student should be able to: 

* 1. Recognize the importance, ami abutidaficc of various elements in the earth's crust. 



(Reference #1. 2) 

★ 2. Differentiate betzoecn rocks and minerals. 



(Activity #1, 2) ■ 

★ 3. Describe the formation of igneous, sedimentari/ and metamorphic rocks; classify rocks as igneous, 

sedimentary or metamorphic. 

(Activity #1. 2)' I 

★ 4. Interpret a rock cycle dia\^ram. 

(Activity #1) ' ^ 

.i 

★ 5. Study crystal ^roioth and: 

a. distinguish a single crystal from an aggregate. 

b. recognize the law of constancy of interfacial angles. 

c. explain the factors governing crystal growth and relate these factors to textures of 
igneous rocks. 



(Activity #2) 
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1. AGI, Geology and Earth Sciences Sourxebook, 1970, pp. 1-4 

2. Gilluly, et al., Principles o(. Geology. 1975, ChapW3. (Miiterials of the Earth — minerals and mat- 
ter.) 

3. James, J. Robert, Geology and the New Global Tectonics, 1976. p, 18. 

4. Investigating the Earth, 1973, Chapter 2 — Rocks and Minerals/Atoms and Molecules/The abun- 
dance of the Elements. 



ActivltiM and Investigations 

1. Collect a variety of local, igneous, sedimentary and metamorphic rocks (with substitutions as 
necessary) and utilize as an introduction to the classification and relationships, of rocks and 
minerals. , . , , i . - 

2. Hamblin and Howard, Exercise in Physical Giaology, Exercise #1, Introduction to Minerals: 
Crystal Growth. 

3. Investigating the Earth, investigating rocks and minerals, p. 30. 



Part II — Minerals 

The student should be able to: 

★ 1. Utilize the /()//{)U'/>i\> properties in uientificatiofi of tnincrah: 

a. crystal form (crystal faces) 

b. cleavage and fracture 



c. hardness 

d. specific gravity (heft) 
e color 

f. streak 

g. luster 

h. special properties: 

— diaphaneity 

— reaction to dilute hydrochloric acid 

— double refraction 

— magnetism 

— taste 



ERLC 



(Activity 2) 

ReliUe chetnuiU hondin^ anii iri/sf(W structure, ni partnuinr: 

a. the mineralogy of the silicates and the aluminosilicates: 

— the silicate tetrahedron 

— paired tetrahedra 
~ rings 

— single chains of tetrahedra 

— double chains of tetrahedra 
~ layer lattice 

— framework silicates and aluminosihcates 
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b. the mineralogy of the foMowing non-silicates: 

— .magnetite 
— pyrite 

— calcite and aragonite 

— halite 

— diamond and graphite 



(Reference #1. 2, 6) 



With references, identify the folhnvin^ minerals: 

a. the following rock forming minerals and ore minerals in the Prospector's Set of Mineral 

Chips (Geological Survey of Canada): 



— arsenoyprite 

— mplybdenite 

— graphite 
~ stibnite 

— galena 

— chalcopyrite 

— pyrrhotite 

— pyrite 

— hematite 

— Hmenite 

— magnetite " 

— gypsum 

— mica, muscovite 

— calcite. 

others: 

— malachite 

— bornite 

— cinnabar 

— chTbrite 

— varieties 6^ quartz and 
cryptpcfrystalline quartz 



— feldspar, albite (Plagioclase Feldspars) 

— quartz, massive 

— quartz crystal 

— limonite 

— feldspar, microcline (Potassium Feldspars) 

— garnet 

— asbestos 

— fluorite 

— apatite 

— pyroxene (Pyroxene Group) 

— mica, biotite 

— hornblende (Amphibole Group) 

— tourmaline 

— barite 



— azurite 

— halite 

— olivine 

— selenite gypsum 



(Activity #1. 2; ReferenQe #4) 

Integrate the study of minerals ivith local ^eolo^y and industry. 



1. AGI, Geology and Earth Science Sourcebook, 1970, pp. 5-27. 

2. Janes, Geology and the New Global Tectonics, 1976, Chapter 4, Igneous Intrusion and its Products, 
pp. 99-113. 

o • 

3. Qilluly. et al, Principles of Geology, 1975. Appendix II, Identification of Minerals, ' ^ 

4. Geological Survey of Canada, Neio Materials of Canada's Mineral Industry. 

5. Investis^atin^ the Earth, 1973, pp. 31-42. 

6. Long. L.E., Geology. 1974, Chapter 3, Plane Faces, pp. 51-75. 

ActivitiM and Investigations 

1, '.Hambiin ^nd Howard, Exercises in Physical Geology: Exercise #2, Physical Properties and 

"Mineral Identification. ^ 

(2 AGI, Geology and Earth Science Source Boole, pp 18-27. 

Part III — Igneous Rocks 

The student should be able to: 

★ 1. Identify and ''Massif y ^^eous rocks according to their texture and compasitiou. 

(Activity #1.2) 

★ 2, Classify the texture of an igneous rock as one of: 

a. phaneritic 

b. porphyritic — phaneritic 

c. aphaniti'c 

d. porphyritic — aph^nitic 

e. glassy , 

f. fragmental 

★ 3. Rehitr rate of cry^fiillizatioti to texture. 

t.e extrusive (rolcanii ) and ifilrusive (pluttmic) igneous rocks. 

*4 ClassO'y.an r^neous rock silicic, ni fermcdiate, or mafic. 

★ 5. islnnatr l^le amount (>' quartz ni au igneous rock. 

★ 6. [/m' a table of classification of igneous rocks t(^ determine a rock name, 
it Interpret a table shoi{nfig order crystallizu iuni of the iommon rock forming minerals. 

★ 8. Idefitify the folhnviftg i\:fu\uis rocks: ^ 
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/ a. Geological Survey of Canada: Prospectors Set of Rock Chips: 

I . " ' 

— granite — syenite 

• diorite . — gabbro 

_ periddtite ^ ^ — rhyolite 

_ ande^ite — basalt 

_ basalt (arnygdaioidal) — breccia 

— tuff — Porphyry, feldspar 

b. others: 

— obsidian, pumice, porphyrltic Igneous rocks in general. 



(Reference #4) 

V. • ■ f ■ , ' ■ ■ : * , 

i^torencet ^ 

1. AGI, Geology (^^d ^^^h ^ipice'^Sourcebod:. 1^970, pp, 28-57. ' 

^ 2. Janes, Gaology^and tue New Global Tectonics, 1976, Chapter 3, (Volcanoes and Their Products) 
pp. 73-79, Chapter 4, (Igneous Intrtision and its Products) PP- ^"^-S^ and 113-125. 

'3. Gilluly et al . Principles of Geology. 1975, Appendix HI, Identification Of Rocks, pp. 470-473. 

4. Geological Survey of Qanada. Raio Materials of Canada's Mineral Industry^ . 

5. Long L.E. Geology^ ^^lA, Chapter 4 (Born of Fire) Pp. 76-99. ^ 

6. Invest igajin^ ^he Enrf/,, 1973, Chapter 12 (Bocks Witt»in Mountains) pp. 260.264 and 271-275. 

Activiltos aifid Investlgatjons . ^ ^ 

1. Harnbj/n and Howard, Exercises In PhysiQ^I Q«ology, Exercise #3. Ignaoys Rocks. ; 

2. AGl/oeology and Earth Science Sourcebook, 11970, pp. 28-34, sl 

Purl IV 4- Sedimentary Hocks 

The student should be at)le to: ' . , 

★ 1. Briefly describe the or/x^'J and the processes of formation of sedimentary rocks. 

■ , ^ ' ^' ' ^ 

^ Activity #1-2) - ' . 

2/ Classify the li'xturc of sedimentary rock as clastic or chemical (prectpitate or biochemical). ' ' 

Recognize such ^t'diyf^entary structure aS. 

a. stratification o,r layering 
_ hprizontal layering . 
— cross-bedding ^ ' . ^ 

b. ripple marks 

c. mud cracks 

d. rain impnnts 



★ 4. Identify foliaiving sedimentary rocks: 

a. , from the Geological Survey of Canada — Prospector's Set pf Rock Chips: 

— cong|Q^^^3^Q _ shale 

— sandstone — limestone 
-^greywacke ' -^dotomite 

b. also: ^ ^ 

— breccia ^ fossiliferous limestone 

— ^''^^ose ^ chert 

— siltstone —coal 

— travertine ' ' ' 



(Reference #4) . 
References 

1. AGI, Geology and Earth Sciences Sourcebook i970, pp. 28-57. 

2. Janes, Geology ^^^^ Global Tectonics, 1971, Chapter 5, (Sediments ^x\6 the SeVjimentary 
Rocks) pp. 127-160. 

3. Gilluly. ®t ai., Principles of Geology, 1975, Appendix 111,^ pp. 465-470. 

4. Geolog»®3l Survey of Canada, Raw Materials of Canada's Mineral Industry. 

5. Long. L-^ - Geology, 1974, Chapter 5. (Recycled Rocks) pp. 101-117. 

Activitiee and Investigations 

1. Hamblin and Howard, Exercises i" '^hyajpgl Geoiogy, Exercise #4 Sedimentary Rocks 

2. AGI, Geology garth Science Sourcebooli, 1970, pp. 33-35, 52. 

Part V — Metamorphic Rocks 

The student should be able to:- 

★ 1. Discuss the formation of metamorphic rocks — i^jfij reference to the t^ypes of mefamorphism: 

a contact rnetafnorphism 

b. regional metamorphism , ^ 

(Actjyity #1. 2) 

★ 2. Classify ^^^(irnorphic rocks as foUc^l^'^ or non^foliated. \^ 

★ 3. Identify ^^^^^^orp/i^c rocks on the basis of presence or lack of foliation and texture. 

★ 4. Identify follaa^mg metamorphic rocks: . 

a, from the Geological Survey of Canada — Prospector's Set of. Rock Chips: 

— quartzite 
^ slate 

— schist ' / 
gneiss ^ ^ 

.8 j9 . • 



b. also: 

— phyllite 

— metaconglomerate 

— marble 



(Reference #4) 

1. AGI, Geology and Earth Science Sourcebook, 1970, pp. 28-53. 



2. Janes, Geology and the New Global Tectonics, 1976, Chapter 6, (Metamorphism and the Metamor- 
phic Rocks), pp, 166-189, 



3. Gilluly, et al., Pnnciples of Geol^y^ ^975, Appendix III, pp. 473-475. , , 

4. Geological Survey of Canada, Raw Materials of Canada's Mineral Industry, 

5. Long, L.E., Geology, 1974. Chapter 5, (Recycled Rocks) pp. 118-129. 

6. Investigating the Earth, 1973, Chapter 12, (Rocks Within Mountains) pp, 265-27t). 

Activities, and Investigations 

1. Hamblin and Howard, Exercises In Physical Geology, Exercise #5, Metamorphic Rocks. 

2 AGI, Geology and Earth Science Sourcebook, 1970. pp. 38-39, 53. J 

★ * NOTE: It is very important that a study of local samples be integrated into this section of 
Geology 12. , , 

EARTH PROCESSES— SURFACE 

Surface earth processes break down and redistribute earth materials in a variety of ways. A study of 
These. processes enables a better undeY§'tanding of how sedimentary rock formations occur. An 
analysis of these formations enables the reconstruction of tlje geologic past in a given area. 



V 



LEARNING OUTCOMES 

Part I — Erosion by Running Water 

The student should be abiie to 

♦ 1. Reconstruct and observe a model of rutinnii^ water processes, by means of a stream table. 



(Activity #1,(3) 

* 2. Recognize sediments from stream loads as they are sorted by water, taking note of their locationa[ 
deposition at various stages of delta formation. 

(Activity #1. 3, 4. 5; Reference #3) ) 

^ ★ 3. Identify and r{^ate the source material sedimetifs with the type of sedimentary rocks produced through the 
water sorting process. 



S 
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(Activity #1, 2; Reference #1) 



4. 4)evise a method to measure the stream load carried by a local creek or freshet by way of: 

a sediment 

b. solution 1 ' 

c. corrosion materials (bed-load) 

Y * ) (Reference #1,3) 
\- ^ 

-\" 



V 5. Measure and grapfi longitudinal stream profiles for a number of our major rivers. Compare gradients as 
\ , they affect landscape as deduced from topographical maps. ^ 

(Activity #8/ Reference #1, 2, 3) , 

References S % ^ - 

t. Gllluly, James, et al.. Principles of Geology. 1975, Chapter 12, The Hydrologic Cycle and the 
' Work of Streams, pp. 247-263. 

2. Long, Leon E.. Geology, 1974, Rivers. The Pleistocene braided Mississippi, The modern mean- 
dering Mississippi, pp. 382-394. 

3. Janes, J. Robert, Geology and the Not Global, Tectonics. 1976. Chapter 9. Erosion: Change at the 
Surface qt the Land, pp. 246-264 

Activities and Investigations 

1 American Geological Institute. Investigating the Earih. 1973, pp. 200-201, a simplified version 
V of a stream table involving stream volume, slope, and gravel sorting processes by means of a 
trough is presented. 

2, American GeolQ9ical Institute Investigating the Earth. 1973, pp. 308-309, investigating areias 
^ of erd^ion and deposition with emphasis on miniature landscape reproduction. 

3. American Geological Institute, Geology and Earth Sciences Sourcebook, 1970, pp. 172-175, 
gives detailed instruction in how to construct a stream table and utilize the same in a variety of 
ways to demonstrate: delta bedding, stream meandering, undercutting, cutbanKs, slip:oft 
slopes, effect of resistant rock masses, lake filling and cutting, relationship of rdte of flow to 
stream formation, 

4 American-GeologicaMnstitute, Investigating the Earth, Teacher's Guide, 1973. pp, 158-165. 
Topics include: the parts at a landscape, investigating areas of erosion and deposition, rates 
of change, landscapes and climate, how low can a landscape get, investigating regional land- 
scapes, 

5. Hamblin, Kenneth W., Howard James D.. Exercises in Physical Geology, 19^5, Exercise 9, pp. 
72-79, Stream Erosion. 
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Part II — Ice Ages and Gliaciers 

The student should be able to: 

* 1. Propose hypotheses listing assumptions regardinj^ the origin of ice ages. 



(Reference #1. 2, 3) 

it 2. Demonstrate methods of determining relative and absolute ages of glacial deposits. 

(Activity #1; Reference #1, 2, 3) 

V 3. Reconstruct past glacial positions on a map of hJorth America, 

(Activity #1. 4; Reference #1. 3) 

★ 4. Relate the effect of glacial load on the earth's crust to isostatic response. 

(Reference #1. 3) 

5. Cite and demonstrate ways in which alpine and continental glaci\'ni have sculptured the lattd. 

\ 

' (Activity #1. 2. 3) 
References 

1. Gllluly. et al., Prmctples of Geology, 1975. Chapter 13. Glaciers and Glaciation, pp. 279-308. 

2. Long. Leon. E., Geohygy, 1974. Glacial erosion and deposition. Ice and isotopes, Causes of the 
ice ages, pp- 432-457 

3. Janes; J. Robert. Geology and the New Global Tectonics, 1976, Chapter 10. The evidence of 
glaciation. Examining the Pleistocene record. Some special aspects of the Upper Wisconsin 
record, Plate tectonics and the causes of an ice age. pp. 289-324. 

Activities and Investigations 

1. American Geological Institute. Investigating the Earth, 1973. pp. 410-411. 

An ice-age puzzle is offered in which research data is plotted onto a map. From the in- 
formation given students can determine time lapse and glacial features produced- 

2. HamblirTand Howard. 1975. Exercises in Physical Geology, pp. 84-67. 

This exercise presents a topographic map from which students are required to identify con- 
tinental-features of glacial origin, to determine the direction of glacial movement in the area, 
and are asked to evaluate the drainage pattern created in a typical continentally glaciated: 
area. , ' 
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3. Hamblin. W. Kenneth, and Howard. James P.. Exercises In Physfcal Geology, 1975, pp. 88^98. 

This exercise has as its objective the recognition of the types of landforms developed by 
alpine glaciers and the understanding of the processes responsible for their development/ 

0 

4. Using reference texts, Gilluly, James, et al.. Principles of Geology, 1975, pp. 298-300 and 
Janes, J. Robert, Geology and the New Global Tectonics, 1976 Edition, p. 316 as^welLai the 
Geologic map of Wisconsin and Recent Ice In North America, Geological Survey of Canada, 
Ottawa, past glacial positions of North American ice can be determined and placed on outline 
maps together with prominent glaciated features produced by the ice. 

Part III — Eolian Process 

The student should be able to 

1. Identify tliy intcrrcUifiofi>lnps between clnndte, soih and liuuislopes as they affect topographic features of 
eohnn origin 



(Reference tt^) 

* 2 Identify and lie^cnhc (he ero^iofial proces^e> und features produced by satui blastins;^. 



(Reference ^l"" 2) ; 

3 PediiiC the rr/i/f /i)Ms///;?s brtieeen ^^ram ^ize, mnoufit of ^anii, ^peed of wifui, afui iHyetatiofiJo the di);^ fee 
iind ^!ze i'^ (/t'st'rf s/t'/'cs 



(Activity ^3; Reference //1/2) 
* 4 /)('S(T?/'c surface fiu rn^ of fru)rifi\i ^atids nt^'c>ti^a tin^ hiUO these desert landforms develop. 



(Activity /^3, Reference tt \ , 2) 
5 ReLO\:,nize the ^ i\;fi 1 1 lanii e ^piUihiu rinfifaJl in desert area^ ni tiie shiipni\^ of ///c lofuiscape. 



(Activity */2, Reference 'Ml 

* 6 Ditferentitite betici'fn ^/,"('' ^iirui iUjii (T;;/ J ^Wi'ic^/ ^anii Hake fu^te i>f ()/'/( appearance a fui 

iuiriiiliott in \;rinn ^izi' Cofitra^! the lu'ddm^i f^linn'^ (>f [he fico ^ 



(Activity , Reference ^'^'l, 2) 
7 /)('sir//'r ///(• phy^uiil i harai ieii^l u ^ fht' ()M\/m and ici^rlii distnbutiofi i>f Uh'ss deposits. 



(Reference l't^. 2) 
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Rotorencet i: " ' 

1v Qilluly, James, et al, Principles of- Geology, 1975, pp. 326-345. 

2. Janes, J. Robert; Geology and the New Global Tectonics, 1976, pp. 264-289, ' 

ActivitiM and Investigations 

1 . Find local cross-bedding planes 1n local sandbanks to determine whether they are of ecrlian or 
fluvial origin. See illustrations in Gilluly. et a!., Principles df GeologyV'1975, p. 344 compared 
with p. 375. > . V ' . ' , 

Determine also regularity of grain size, angular edges and ..opaque characteristic of sand 
blasting by means of a microscope. . ' . 

2. Hamblin, W. Kenneth. Howard, James D., Exercises In PhyslcaJ .Geology, 1975. Chapter 10, 
Erosion in Arid Regions, pp. 80-83. * ' ^ 

3. American Geological Institute. Geology and Earth Sciences Sourcebook, 1970, pp. 16V165^ 

Streams of sand poured in front of a fan, when allowed to settle around obstructions, are used 
to simulate sand dunes formation.' ^ • - 

V ■ ; .-^ 

Part IV— Ground Water ' , 

The student should -be able to ' ■ 

1. JSAanipuUitC^ amniratu^ to nivc>ti\^iitf porosity, pfrmcabUity ami hydraulic cofiductivily. 

'■f ' ■ . . . ■ »■ 

(Activity #1.2). * 
♦ 2. Dcscrith* Ike relationship of the wutcr- table, to marches, lakes and streams. 



(f^efsrence #1,2) 

♦ 3. Dii^cnftjinute hetween periitrd. Lotifined^ atid typical ^^^roufid li^ater tables. 

*• (Reference #1. 2, 3, 4) . ' ^ ? 

4. Describe the hydrirulu ^railrcfri atid the niovnticfit of uuiier accordni^ to Darcy^s Law. 



(Reference #1.2) 

Discriffitfhite betivecfi tlie vlfcct^ of cultural and artificial discharge liJ ground water. 



. (Reference #1) \ ^ • 

6. DesLnbe ^roufid lit/fer forniutions i^f ^olutu^n lind precipitation 



(Reiference #1, 3) ' . 

.'■ ' ^. • ' • , ^ 

7. Map the major productive aquifers in Canada and U.S.A. ) 

(Activity #3; Reference #1^2, 4) 
Retorencat 

1. Gilluly, James, et al.. Principles of Gcolof^y, 1975, pp. 310-320. 

; 2. Long, Leon E., Geology, 1974, Groundwater/^. 463-475. T ^ 

,:3. Janes, J, .Robert, Geology and the Neiv Global Tectonics, 1976, Groundwater: The movement and 
work of underground waters, pp. 230-239. 

4. American Qeological Institute, Geology and Earth Sciences Sourcebook, 1970, pp. 144-150. 

Activities and Investigations 

1. American Geological Institute, Geology and Earth Sciences Sourcebook, 1970, pp. 144-145, 
methods of measuring porosity, permeability and capillary action are shown. 

2. American Geological Institute. Investigating the Earth, 1973, pp. 172-174. 
Investigating the movement of water in earth. Apparatus required illustrated. 

3. Using references 1 and 4 together with hydrological maps for the local area from municipal 
sources, map some of the major areas in North America rich in ground water. 

>. 

Part V— Physical Erosion, ChenrUcal and Biotic Weathering 

The student should be able to; 

★ 1. D/scnss the hazards and cfftXt of the dowuiilopc movement of soils ami rock materials. 
(Reference 2) 

2. Catjier ddta and defermnie hoic tudiruiuul fnitiernl^ renel chemiailh^ to hydration, hydrolysis, oxidation 
iind^ farhoniifn^fi 

(Activity ^t^. Reference ^/ 1 , 2} 

3, Sui^gest way^ nt irlnch phy^nal arid chetnuiil weathenug take plaee through biotie nifluetiees. 

(Activity Reference ^/2) 
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' / * * . ■ ■ 

RftortncM 

1. Qilluly, James, et aU Principles of Geology, 1975, "pp. 215-245. - 

2. Janes, J. Robert. Geology and thf f^ew Global Tettonics, 1976, pp. 220-251. S 

Aclhrittot mtid InvMtHialloM 

1. ' American Geological Institute; GeokHiy and Earth Scianca Sourcabook, 1970. pp. 160-162. 

Exercises which dernonstrate the effect of freezing water, of oxidation j>i steel Wool, of 
hydration using plaster-of-paris, of carbon dioxide solution as 'an acid, and of plant roots 
producing acid are presented. f . ^ 

SUBSURFACE EARTH PROCESSES 

Subsurface earth processes are nqt known from direct observations> The physical and chemical 
properties of magma are based on observations of volcanic products and synthetic magmas and on- 
studies of geophysical properties of the earth. 
/ * • 

LEARNING OUTCOMES 

Part I — Volcanlam " ^ 

Xhe students should be able to: ^\ 
ik 1 Volcanic Rocks 

Classify at sight, using a hand lens, volcanic rocks according a classification chart for igneous rocks. 



(Activity #1: "Films #3 and 5; Videotape #1; Rllmstrip #3) 

*;2. Typaa of Volcanoes * * ' ; 

Distinguish betu'een the following volcanic -features: 

a. shield volcanoes 

b. cinder cones 

■ c. composite volcanoes 

d. lava plateaus ^ 

e. plug dome ' / , %^ 

(Investigation #2, Sheets 4, 5. 6, 7. and 12; Films #1, 2,' 3 and 4; Videotapes #1 and 2;sFilm- 
strips #1, 2 and 3; Field trip #1) 

3 Gaolharmal Eruptions . * ' 

Describe eruMtions, rncludmg gei/sers, hot springs and phreatic explosions, according to: 

a. activity Tactive, extinct, dormant) 

b. continuity of eruption 

c. type of eruption (central, areal. fissure, phreatic) 

d. tyi5e of product (proportions of gas. liquid, solid) 

e. violence of eruption 
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. '(Investlgatljaft. #2, Streets 10. 11. 16; Films #1, :2, 3, and 4; Vldeotal^es #1. 2 and 3) 
♦ 4. Tyillf^-of Lava 

Distinguish between, and name, the various types of lava by their composition and behaviour while 
JlOWing; and' identify, the rock formed when the lava* cools. ^ . 

a. floq^ flows 

b. ash flows or nuee aWentd 

c. pillow lava ^ 



(Investigation 4^heets 1. 10. and. 11; Films #2 and 3; Videotapes '#2 and 3) 

* 5. Waath«ring an6 Erosion of Lava Flows and Volcanic Cpnes 

a. recognize and<Jesoribe results of the weathering of vdlcanic structures (e.g. plug domes, 
^:j(posed..dvtkes and sills, deposits^ of voloanic soil, guyots, lava plateaus and mesas.) 

b. distinguisb^feetween the effects of various times, methods and amounts of weathering on 
each of theafe five: composite cones, cinder cones, shield volcanoes, lava plateaus and 
plug domes. ^. / 



...^ (Investigation #2, Sheets 9, 11, and 13; Activity #3) 

6. Hazards '^^^ - 

Givett the characteristics of a volcanic area (frequ^cy and length of time of eruption, nature of lava and 
other -products, source of lava and other products, violence of eruption, prevailing winds, slopes), describe 
the nature and extent of the hazards to huma^is, structures and communities. 



(ln¥estigation #2, Shee\ 20) ^ - 

ft , .. \ - , 

R«forences 

'1. AGI. Geology and Earth Sciences Sourcebook, Chapter 2, Volcanoes. 

2.^ Janes, Geology and the New Global Tectonics, Chapter 3, Volcanoes and Their Products. 
I 3. Atlas of Volcanic Phenomena. 

4. Gilluly, et aV, Principles of Geology. 

Activities and Investigations 

1. Hamblin and Howard. Exercises in Physical Geology, Exercise #3, Textures, Aphanitic and 
Glassy; Families; Gabbro-Basalt and Peridotite. 

2. Atlas of Volcanic Rherfbmena, Sheets 1, 4, 5, 6, 7. 8, 10, 11, 12, 15, 16 and 20. 

3!, Hamblin and Howard. Exercises in Physical Geology, Exercise 14, Volcanic land forms. 



26 27 



RkM 

11 Heartbeat of a volcano, EBF. 

2. Volcanic Landscapes Part 1. MOY. 

3. Volcanic Landscapes Part 2. MOY. 

4. Volcanoes: Exploring the Restless Earth, EBF. 

5. Rocks That Originate^ Underground, EBF. 



r 



videotapes 

1, The Fire Within, TV Ontario. * 

,2. Volcanic Landscapes Part 1. MOY. 

3. Volcanic Landscapes Part 2.' MOY. . , ^ ^ 

FMmetripe 

1. Volcanoes, Parts '2 and 3. MEM. 

2. Volcanicity, MEM. \ 

3. Volcanic Rocks, EBF. - * ^ . 
Field Trips 

1. Bowers, Garibaldi Geology, Geological Survey of Canada. 

•' ' ) 

2. Vancouver Geology, Geological Survey of Canada. 

3. ^ Field Tript to Southwestern B.C/Department of Geological Sciences, U.B.C, ^ 

Part 11 — Intrusive Formations 

The student shouW be able to: 
★ 1. Plutonic Rocks 

a. classify at sight, using a hand lens, plutonic (igneous) rocks according to a classification 
chart of igneous rocks. 



(Activity #1: Film #1; Filmstrips #1 and 2) 

* 2. Bodies of Plutonic Rock 

a. describe the locations of local large bodies of granite rock (batholiths). 

b. describe the locations of local sills and dykes. 

c. compare and contrast the size and frequency of crystals in samples of igneous rock of 
various compositions. Deduce the origins of the rock from the evidence collected. 



(Investigation #2, Sheet 2) 
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* 3. Magma^ 

Suggest, from lool^ittg at rocka. a hypothetical Composition fori^he original magtna: ..^ 

a. a solution of molten rock. 

b. A solution molten rock containing fragments of-unmelted rock, dissptved gases and 
crystals, in amounts determined by the temperature and pressure. 

(Investigation #2; SheiBt 2) ^ <^ 4* . 

* 4. Jhm Formation of Igneous Rock 

a. describe 9nd explain the order of-crystallization (the Bowen reaction series). 

b. describe and demonstrate factors affecting cooling rate and crystal size, 

c. describe the following processes, which occur as magma cools and the pressure on it 
diminishes: 

— gases and vapours escape - 

— crystals of low density float 

— crystals of high density settle 

— one substance diffuses through another at the interface 

— the rock in the wall of the magma chamber Is assimilated into the magma. 

d. with reference to the Bowen Reaction series suggest how and where In the bathplith a 
given igneous rock was formed. ^ 



(Investigation #2, sheet2; Investigation #3. Unit 1. Earth Materials, Volcanism) 

5 Oceans and Atmospheres 

a. suggest a method by which oceans and atmospheres have reached their present com- 
position. 

b. describe the interaction of the oceans and the crust of the earth. 



(Investigation ^3) 
References 

1. AGL Gcolty^i/ and Earth Scmnr^ Sourcebook, Chapter 4. Mountain Building and Rock Defor- 
mations. Chapter 5, The Atmosphere. ^ 

2. Janes. Gro/oyv C^nd The New Global Tectonics. Chapter 4. Igneous Intrusion and its Products. 

3. ' Gilluly. et al.. Principles of Geolo\:y, Chapter 9. Constructive Part of the Geologic Cycle-Hgneous 

Activity and Metamorphism. 

'Activities and investigations 

1. Hamblin and Howard. Exercises in Physical Geology, Exercise ^3 

2 Atlas of Volcanic Phenomena, Sheets 1 and 2 

3 AGI, Geology and the Earth Sciences Sourcebook, Chapter 5 The Atmosphere 
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Films 

1. Rocks that Originate uriderground. E^F. , 

2. Why Do We Still Have Mountains? EBF. ^ 

Filrnstript 

1. Plutonic Rocks. 

2. Rock Families i 

STRUCTURAL GEOLOGY ' 

Structural geology includes the stu^f^ of the major geologic processes responsible forlhe evolution 
of not only the layers of the earth but also the development otthe broad patterns and grain of the 
crust of the planet. As such^it includes the study of plate tectonics, sea floor spreading, and moun- 
tain building. ^ . 

LEARNING OUTCOMES 

Part I — The Structure and Mechanics of the Earth ' 

The student should be able to: 

★ 1. State the layers of the earth and be able 'o make a rou^\\ sketch of the interior of the earth, labelling all 
principle parts and shoioing approximate thicktiess of each layer in kilometres, 



(Activity 7. 8, 9, 46) 

★ 2. Give evidence for the fact tliat the solid earth is layered. 



(Activity #6, 7. 8^|, 46; See also Part III, Activity #1, 3) 



★ 3, Summarize the history ofyeontinental drift, stating names of people who proposed the theory and giving the 
names of the original a^iitinetits they proposed. - • 



^6, 



(Activity ^6, 27. 28, 29, 30) 

★ 4. State what is tneant by sea-floor sprendin^,^ a)id list the evidence to support it. 



(Activity #4, 5:^ 13. 15, 16, 17, 18. 19. 20.22.23,24.25,26, 27,28,29.30.31.32,33,34,35,36, 
37, 39. 41, 42. 43, 44. 45) 

★ 5. Discuss the ttiechnni'-tti^ of plate tectonics ificludnig differetit types of plate boundaries. 



(Activity #4. 5, 7. 9. 15. 16, 17. 18, 23. 24. 25. 26, 27. 28. 29. 32. 33^ 34. 35. 36, 37. 38, 40) 

★ 6. List the probable ciiusc- for the movctncnf'^ of the plates. -\ 
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(Activity #26. 27. 29. 41) 
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★ 7. State where the new material comes from that reaches the crust in plate tectonics. 

(^Ctivity-#15 16, 17, 18, 20, 26, 29, 32, 33, 34, 35, 36, 40) 

8. State the geological activities that go on where Ihe crustal material is being destroyed and give^the 
evidence that suvvorts\it. ."^ 

■ ' ' ' ■ 

(Activity #22, 23, 26, 27, 28, 32, 37, 39, 40) 

9., Predict the^'Juture" of continued displacement on the San Andreas' fault and the role it might play in the 
movement of the Pacific Plate. 



(Activity #17, 24) 



> 
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Reffrencet 



l\ Long, LE., 1974, Gvologxir Chapter 11"^— The Grand Synthesis: Introduction (pp. 322-353). 
\ Chapter 12 — The Grand Synthesis: Conclusion (pp. 354-'377). 

2. \ .Gilluly. James, et al.. 1975, Principles of Geology. Chaipter 8 — Renewing the Geologic Cycle 
\(pp. 127-157), Chapter 9 — Constructive Parvbf the Geologic -Cycle — Igneous Activity and 
\Metamorphism (pp. 158-203). Chapter 7 — Earthquakes and ;the Earth's Interior (pp. 89-f26).- 

3. 8to4|es, W,L,. 1973, Essentials of Earth History, (fhapter 8 — Structure and Mechanics of the 
Earth (pp. .168-189). " I .. ^ / 

4. Janes, J.R., 1976. Gcolo^^y ami the Niic Glohal Tectonics, Chapter 1 — Plate Tectonics and the 
S\udy of the Earth. Chapter 7 — Mountains and Geplogical Structures. 

\ , ■ 

5. AQI, lnvestis:atin^ the Earth, 1973, Chapter 13 — The Driving Force of the Rock Cycle (pp. 279- 
298). Chapter 11 — Iviountalns from the Sea. Chapter 18 — Development of i Continent (pp. 

. 395V415). ' ' ■ J 

6. PKGulnvesti^atini;!^ the Earth, ]97?>, Teacher's Edition, Chapter 11 — Mountains from the Sea (pp. 
122-|33). Chapter 13 — Th« Driving Force of the Rock Qyc\e (pp, 145-153). Chapter 18 — 
Developtnent of a Continent (pp 207-21 7j\ , ^ * , 

7. The Open University (TOU), 1971, Major Features of the Earth's Surface, Continental Movementr 
Sea-floAr Spreading and Plate Tectonics (Units 24 and 25), 

8. The Open University (TOU), 1971. Earth History I nnd II. Unit ^6.2.4,1 — Features of Youn^ Fold 
Mountains at Continent/Ocean Boundaries (pp. 19-23). - 

HambllnAw.K,, and Howard. J.D.. 1975, Exercises in Physical Geology (4th Ed.), Chapter 17 — 
Tectonlcs\of North America (pp. 146-153). Chapter 18 — Topography of the Ocean FIdor (pp, 
154-163). \ 

10. Brice, J.C..\and Levin, H.L.. 1969. Laboratory Studies in Efirth History. Chapter 6 — Inferences 
from Geolodic Maps (pp. B5-74). Chapter 13 ~ A study of Crustal Movement: San Francisco 
Bay (pp. 191\-196). 

\ " ' * 

1 1 . Continents Adrift (Readings from Scientific American). Paper 4 — The Interior of the Earth (pp. 
22-27). Paper \ — Continental Dhft (ppu 41-56). Paper 7 — The Confirmation of Continental 
Drift (pp. 57-67). Paper 11 — The Breakup of Pangaea (pp. 102-114). Paper 13 — Geosyn- 
dines. Mountains and Continent-building (pp. 124-132) and Paper 15 The. San Andreas 
Fault (pp. 143,-157). - ^ ^ 

12. ' AGI, Geolo^i/ and Earth Sciences Sourcebook for Elementary and Secondari/ Schools. Chapter 3 — 

Earthquakes and the Earth s Interior (pp> 79-98). Chapter 4 — Mountain Building and Rock 
Deforrfiation (pp. ^9-114). 

13. ISCS. Cru<ty Problems — fcacher'^ Lditfou. Chapter 1 — A "First Look at Earth (pp. 1-25). Chap- 
\e/^2 ~ The Mountains (pp. 27-44). Chapter 17 — Wedge-shaped Mountains and Uplift by 
Fai/lting (pp. 79-82). Chapter 18 — Uplift of Mountains Due to Folding (pp. 83-85). 

/ 
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Activltkis and InvMtiOations \ 

<,ContiMnts • * 

1/ Construct a sketch across a hypothetical continent and show the following features to scale: 
^ 'ia) an 8 000 m mountain range (b) a wide coastal plain extending up to the average height of 
land in continental platforms (840 m) (c) a wide continental shelfje^ a depth of 200 m (d) a 
narrow and steep continental slope extending down to a very wflJe abyssal plain at 6 000 m' 
(6) and. a deep oce^ trench (but very narrow) extendihrgnclov<m to a depth of 11 000 m. Note 
how a small rise or fall of sea level would considerably change th6 arias of land relative to 
sea. Study the cross-section in The Open University, 1971, Major Features of the Earth's 

. Surface (Unit 24), p. 19, fig/a. ^ 

' 2. Compare the present nr^ap of Europe to a nrtap of Europe as it must have, looked during the 
Pleistocene^ when vyater was frozen in the enlarged ice caps and sea levels were about 200 
m lovyer than today. See the map in The Open Univeristy, 1971, Major Features of the Earth's 
Surface (Unit 24), p. 19, fig. 7.. ^ ' ^ . 

3. Study* the present-day distribution of oceanic and cbntinemal. crust by percentag^area (the 
Earth's surface area is approximately 51 x 10' km*): Study the percentage of land versus se^i' 
and make some assumptions, about the kinds of sediments being deposited today as they 
relate to- their environment of deposition. See tatHe 2 in The Open Uriiversity, 1971, Major 
Features of the Earth's Surface (Unit 24), p. 20. , 



Continental . Structure ^ 

4. Deffne and compare orogemc belts and cratons.* Study a map showing the distribLtipn of 
major erogenic belts and noje the concentric arrangement of orogenic belts areiindthe, 
cratons. Suggest a possible explanation of this process of nucleation.and construct a series 
of plastic overlays that show how North America grew by the plastering of successively 
younger erogenic belts around a cehtral craton. See p. 21, fig. 9'in The Open University, 1971, 
Major Features of the Earth's Surface (Unit 24). 

5. ^ Tensional movements create rift valleys such as the Rhine Rift Valley and the Great Rift 

Valley. system of East Africa. Experiment with two boards through which a few hSfTl^ .tfiav^ , 
been driven so as to allow only their heads to protrude about .1 cm above each boards sur- 
face. Place the edges pf the boards -together and pres^a 2 cm thick layer of modelling clay 
firmly agamst the surface so that it is firmly^molded around the nail heads. Then gently pull 
the boardB apart and observe the kinds of surface features formed. By moving the boards 
parallel tcf the edges another kmd of de^oroiation can be observed in the clay. Try the\ex- 
periment again but use plaster or a flour and water paste. By nloving the boards at. different 
times and using different consistencies of plaster a number of interesUng structures can be 
.created. Try the experrment again by placing the. clay on the boards'with .the edges 3 cm 
apart andjhen slowly push them together or move them tangentially or parallel to the board 
edges. Those structural features created in the clay and/or plaster yvill resemble thB kind that 
develop in erogenic belts under a staje bf compression. Compare the structures create'd 
actual cross-sections of mountain ranges in North America such as\the Appalachians, and to 
those in Europe such as the Alps. See figs. 10 aod 11, ^pp. 21-22ln TJhe OpeJi University, 1971, 
M9jor features, of the Earth's Surface (Unit ^4) 

Mountains % 

6. Provide students with the two figures of a plumb-bob — transit setujjj^as ^own in figures ,12 
and 13 of TOU (The Open Univeristy). Major Features of the Earth's 'l^^rlface (Unit 24) on p. 

" 23. Question: Will the plumb-bob at survey X statio.r^near a mountain rgHg? hang vertically? 
Review Newton's Law of gravitational attraction and give them in th%basic equation 

_ Gm.m., 

ft F = ■ — — 
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Students should be able to discgss the probability of the fouK propositions posed on page 24 
In TOU (ynit 24). Provide numeric^^estlmates of the forces involved in a '^typical" mountain 
r^nge and calculate the effect on a plumb-bob. Let them measure the mass of a real plumb- 
bob. Simplify the assumptions such as regarding the mountain as a point mass and that the 
force exerted by the mountain is horizontal. See the procedure outlined on pp. 25-26 in fPU 
(Unit 24). The answer indicates that there are light-weight *Joots' under mountainous areas. 
Airy's assumption that the Earth's, crust can be likened to a rigid shell floating on a liquid 
substratum^ of greater density provided the first meaningful data on the behaviour of the 
material iri^the mantle. One hundred years later this data had important implicajtions in the 
theory of plate tectoitics. «' - ' 

7. The depth to which columns (mountain masses) sink into the Earth depends on the density 
differences between the 'liquid' substratum and that of the 'floating crustal logs'. See p. 27-in 
TOU (Unit 24). Experiment with differer^t types of material such as ice and wood floating in 
water and calgulate the density of each material based on the amount of 'subcrustal' material 
displaced. Assume the ice and wood are crustal blocks and the water is subcrustal material. 
Calculate the density of each by measuring the amount of fluid displaced in avgrsKJuated 
^cylinder. Experiment using other types of 'subcrustal material' such as mercury. In each case 
direct measurements of the amount of fluid displaced can be determined if the experiment is 
performed in a wide-mouth graduated cylinder. Introduce the concept of iiostasy as it now 
explains the fact that surface features of the earth are in a state of balance. See pp. 28-30 in 
TOU (Unit 24). 

8. Provide sufficient data t^tudents to enable them to discuss gravity anomalies. The unit used 
to measmce a gravity anomdiy is a milligal (mgal) a thousandth of a gal. A gal is the average 
total g for the Earth and is named after Galileo. Explain the method by which an area of 
gravity anomaly can be mapped by surveying an area in detail and by joining up points of 
equal gravity (lines are isogals and are analogous to contours). Study the illustrations and 
gravity map of the Baltic in TOU (Unit 24) on pp. 31-34. Attempt the questions on pp. 32 and 

> 33 of TOU (Unit 24). 

9. One idea, long held, is that there are movements of material within the upper part of the 
Earth's mantle which compensate for mats movements at the surface. Consider a moun- 
tainous area and a nearby sea. With time, the tops of the mountains will be eroded and the 
rock debris transported to the sea. The load of the mountain will be less and a compensating 
movement occurs as the mountain is -^floated' to a higher level within the fluid substratum. 
Demonstrate this by floating a thick piece of wood in water. Place a pile of sand oh the sur- 

* face of the wood and mark the water level. Simulate erosion by removing some of the sand 
and mark the new water Jevel. The 'mountains' rise- to replace the debris removed. See pp. 34- 
36 in TOU (Unit 24) and answer questions on pp. -35-36. 

Oceans 

10. Study the sketch'section across the North Atlantic from Florida to the English Channel. Is 
there any symmetry about the general distribution of topographic features of the Atlantic? 
See p. 38 in TOU (Unit 24). 

11. The continental shelf, an inner flat zone along the edge of a continent, has an average, in- 
clination away from the continents of only 0 07'. The 'waiter over the continental shelf is 
usuajjy less than 200 metres de^p. The area occjjpied by continental shelves occupies about 
12 per cent of the Earth's surface. Bearing in mind that the continental shelf is geologically 
continent; can you think of any reason why this area should be so fJat? See pp. 38-39 in TOU 
(Unit 24). Use a' stream table to study the effect of wave action on a sandy beach. See Activity 
4-2, pp. 158-159 in Crusty Problems (Teacher's Edition). 

12. Contrast and compare the sediments of the continental margin and those of the deep ocean 
floor. Study recent and rock samples of continental margin marine sediments and turbidites. 
Create turbidity currents in a sedimentation tank. See Activity 13-4 (Investigating density 
currents.) in ESCP, Investigating the Earth ~ Teacher's Guide (part 2) on pp. 361-362. 
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13. Investigate a sea mount. The hills which project well above the general level of the ocean 
floor are generally termed sea mounts> These submarine volcanoes are illustrated in cross- 
section on*p. 41 in TOU (Unit 24). Provide a topographic map of a hypothetical or real sea 
mount and construct a cross-section from the data. Account for the flat tops of sea mountsr 
and explain their location and depth in various parts of the Pacific Ocean. Flat topped sea' 
mounts are termefl guyotft. ^ , . 

14. Investigate the evolution of an atoll. Provide data given on p. 42 in TOU (Unit 24). Why not 
suggest that the sea floor has sunk beneath a volcano by isostatic readjustment as in fig. 25 
of TOU (Unit 24) p. 42. Construct a model volcano of clay and place it in a plastic tray br 
aquarium. By adding water the volcano is gradually submerged and becomes an island. Add 
a/ihg of pink clay as a doughnut around the surface of the clay model to simulate a coral 
reef. As water level continues, the rise the 'coral reef grows upwards, continued subsidence 
results in the complete submergence of the volcano, so that the ree/ enclpses a circular 
lagoon and ttiereby produces an atoll. How then have some guyots, the flat surfaces of which 
often are covered by the remains of shallow .water marine animals, come to be over 1 000 m 
beneath the surface of the^sea? 

The Oceanic Ridges ^ 

15. Study the distribution of oceanic ridges and rises. See the illustration in TOU (Unit 24) on p. 
43.'Ttie in^tial study of oceanic ridges should focus on description and students should be 
/equired to draw a cross-section of either a hypothetical ridge or a real one. Important parts 
of the physiography of the ridge should 6e labeled such as median valley or axial rift 

16. Oceanic ridges are composed of basalt. Give the student a piece of basalt and speculate that 
it was recovered from some part of the Mid-Atlantic Ridge. Indicate to the student that the 
basalt came frpm either the axial rift or the central high mountains. Bearing in mind the rock 
type the student should express an opinion about the process responsible for the formation of 
that part of the ridge. Study pp. 43-46 in TOU (Unit 24). ^ , 

17. Study a geologic or physiographic map of the Atlantic Ocean basin. Note that oceanic ridges 
do not contirxje without interruption across the oceans; they are cut by fracture zones. These 
zones are a type of fault unique to ocean basins and called a transform fault. Gut out Figure 
45 in TOU (Unit 24) on, p. 67. Cut out the back cover of TOU (Unit 25) showing an oceanic 
ridge cut by two transform faults. Insert fold 1 (Fig. 45) into slot 1, fold 2 into slot 2, fold 3 into 
slot 3. Pull the folds through from the underside of the back cover (baseboard). Then as you 
pull tjhe paper out throygh the slots (see diagram on back cover of TOU (Unit 25), the relative 
movements aion£uJ*f^''ansform faults will be seen. Make your own model of two transfornrv 
faults from actdial maps of the North Pacific ocean floor adjacent Vancouver Island -and 
demonstrate tn^ movement along the transform faults there. 

18 .- Study the charts showing the physical features of opean basins such as the one available 
from the Geological Society of America or from Time, Incorporated. Note that at some points 
along rrfid-ocean ridges/such as Iceland and Tristan da Cunha, an excessive outpouring of 
has built Active volcanic islands that are connected to the shores of adjacent continents 
lateral ridges. If the 'hot spots" under these Islands have existed since the oceans began 
tovopen, thei'K excess lava could have built those lateral Mdges. the progressively older 
isla^kls northwest of the active island of Hawaii could also have formed over such a hot spot. 
RepoVtbothis phenomenon after reading "Continental Drift" by J. Tuzo Wilson In Continents 
Adrift (pp?^1-55). 

19. Present the controversy that exists ove.r the origin and reconstruction of the Indian Ocean. 

Read and compare the two Ideas presented in ''Continental Drift" by J. Tuzo Wilson in Con- 
I tinenta Adrift (pp. 41-56) and "The Confirmation of Continental Drift" by.P.M. Hurley in the 

same, book (pp. 57-67) 



34, 

35 



20. The topogi^aphy of the ocean floor has been mapped by means of seisrr^ic reflection profiles. 
From the profile the topographic features and shallow structure of features on the ocean floor 
can be recognized. Stud][ pp. 154-159 in E^^Qrcises in Physical Geology and answer the 
questions on pp. 155-156 and 158. 
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22.^ A part of the Pacific Ocean floor is portrayed m Fig. 181 (p. 163) in Exercises in Physical 
Geology. Note the numerous guyots and the distribution of the deep trenches. Relate the 
position of the Japan Trench to your understanding of fhe movement of the Pacific Pjate and 
answer the questions on p. 162 of Exercises in Physical Geology. 

23.. A carefurstudy of the western margin of the Pacific Ocean floor and the eastern coast of Asia 
reveals the striking fact that continental shelves^are most copamonly H^'ssing where the im- 
mediate hinterland is not only mountainous (due to geologically recent orogenic activity), but 
is characterized by the presence of active, orrecently active, volcanoes- In addition, the shelf 
feature is often replaced by an elongated trench or ocean deep, lyinQ close off shore and 
roughly parallel to the coast. Study pp. 45-^^ "n TOU (Unit 24) and suggest an explanation 
that ties in the concept of plate tectpnics, the rnovementof the Pacific Plate and diriactions of 
underthrusting around the Pacific. Study Fig- 40 in TqU (Unit 24) carefully before you for- 
mulate your answer. „ 

V 

Pl.ate Boundary Studies (Transform Fault*) 

24. The California San Andreas Fault is an outstanding example of a transform fault that offsets 
the Mid-Pacific Rise (a sea floor spreading centre). The San Francisco Bay area- is well 
known as a city where geologic history illustrates the dramatic rapidi'V of changes in land 
and sea that occur in an active belt of faulting The geologic problems ot California related to 
rtiovement along the San Andreas fault are r^o\ unlike potential^ problems of earth movement 
related to the Queen Charlotte Fault and earthquakes along the Pacific Him of Canada, Study 
pp. 191-196 in Laboratory Studies in Earth History (Chapter 13, A Study of Crustal Movement: 
San Francisco Bay), A Geologic map of the San Francisco Bay area is provided and it shows 
the trace of the San Andreas Fault. Students should study this map trace the San An- 
dreas Fault System on the Geologic Map of North America. It ilkistrates a stnke-slip fault with 
right lateral movement. What implications does the rnovement have regarding the Pacific 
Plate? Students should answer the questions and study the photographs on pp. 191-196. Note 
several objections to the concept of great lateral rnovement raised on p. 194. 

25 The Tectonics of North America is the subject of Ch>pter 17 (pp. 146-153) in Exercises in 
Physical Geology. This is an excellent opportunity for students to become acquainted with 
the/major structural components (greatly simplified) of the North American continent and 
hq/L they fit into the plate tectonics theory. Opportunities for distinguisTng the structure and 
liiltory of shield areas versus folded mountain bells and rift zones are presented in two im- 
portant maps (Figs.'l67 and 168). How does the geology of these three subdivisrons differ and 
What implications can be drawn about the history of the North American plate? 

26. The readings .compiled by J. Tuzo Wilson m Continents Adritt (Readings from Scientific 
American) pro\ide excellent supplementary studies for students seeking to delve more 
deeply into the'concept of plate tectonics. The history of the continental drift theory would 
make an excellent student report with the paper entitled "Continental Drift" by J. Xuzo 
Wilson, a Canadian, providing most of the important information. 
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27. The first incfications thaf plate motion acting against the fprce of gravitymust he pulling the 
crust down beneath the trenches and dragging sediments into the earth were presented in a 
landmark paper entitled ''The Trenches of the Pacific" by R.L, Fisher and Roger Revelle (pp. 
-10-15 in Continents Adrift). By plotting up the epicentres of continually occurring ear- 
.thquakes the students can document that trenches are important'zones of tectonic activity.^ 
Have your students conduct an earthquake wgtch. (See 1-7 in Investigating the Earth 
(Teacher's Guide, Part 1) where the sequence of activities is presented on pp. 49-5Q.,You will 
need to order Epicentre Cards by writing to .the Environmental .Science Services Ad- 
^ministration (ESSA) Coast and Geodetic Survey, Rockviile, Maryland 20852 at least one 
month prior to beginning this activity. The Epicentre Cards will list the followiijig types of 
data. (1) Date of earthquake (2) Greenwich Mean Time (the time at zero degrees longitude, 
the Prime Meridian (3) Latitude (4) Longitude (5) Region (geographic location of epicentre) 
(6) Depth (depth of focus in kilometres (6) Magnitude (severity of earthquake on the Richter 
Scale, given in Investigating the Earth, Teacher's Guide, pp. 145-153.^ 

The concept that ocean trenches and island arcs evolve into.subsiding belts (sometimes ter- 
med geosynclines) and later uplifted to form mountain belts is presented in Marshall Kay's ar- 
ticle **The Origin of Continents ' in Continents Adi^lft (pp. 16-20)! Other types of subsiding 
belts begin with rifting and also can collect an astonishing array of sediments and volcanic 
material such as are now found along the shores of Great Sl^ve Lake. Students can construct 
a collecting basin' for sediments by using 'a variety of materials such 'as clay, silt,' sand, 
plaster, etc. and then deform it by squeezing it together in a 'Squeeze Box\ Later by flooding 
the model with water the creating of Island arcs and ocean trenches becomes apparent. 

29. The concept that the asthenosphere Is at least partially molten and that the lithosphere is 
cool enough to be rigid and strong, extending to a depth of abourlOO km, provided a new 
look at the relationship between the crust of the earth and the 'fTiantle'. The paper entitled 
'The Plastic Layer. of the Earth's Maritle" by D.L. Anderson in Continents Adrift (pp. 28-35) 

/, presents the data that confirmed that existence of a low-velocity or fluid zone beneath the 
crust and upon which the plates 'drift' about. The concept can be demonstrated qu]{e simply 
by using soup and crackers and heating the soup to the point where convection currents rise 
and force the crackers apart. Afterwards, a goorf lunch can be enjoyed by all. 

Tear a pile of 10 newspaper pages (at the sarine time), shuffle the t)ages and then try to match 
them up. The principle of continental- fit by matching coastlines is not the only criteria to.be 
used in reconstructing ancient supercontinents. The matching of«,the proper pages (page 
numbers have been eliminated) requires that the print be matched across the tear. In the 
same way geologists look for structural trends such as faults and fold mountain belts, that 
can be traced from one continent into another after the continental margins have been 
pushed together to confirm the existence of a supercontinent. 

31. Study the fit of the continents illustrated on p. 56 of "The Confirmation of Continental Drift" 
by P.M. Hurley In Continents Adrift. Note that fivj^ continental blocks r>ave been fitted 
together: (1) North America, (2) South America (3) ^Greenland (4) Western Europe and (5) 
Africa. Trace this map onto a ditto sheet, and then cut out the five blocks giving each student 
the problem of fitting them together properly.. The teacher should trace the outline of each 
continent onto the ditto sheet in such aM^/ay that they cannot be matched until they have 
been cut out and rearranged. Students should tape or glue them down so as to reconstruct 
the supercontihent to which they once belonged. 

Sea-Floor Spreading 

Study pp. 19-25 in Crusty Problems (Teacher's Edition). Note that students should already 
have had a unit on earthquakes and know something about the distribution of earthquake 
foci In Benioff zones and along mid-ocean ridges and at other plate boundaries. Construct a 
model of a continent prior to rifting and use sheets of notebook paper or construction paper 
to Simulate the continental plate See activity.' 1 on p. 21 of Crusty Problems (Teacher's 
Edition) 

■> i 
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3* Usin^ bar magnet and two compasses simulate the Earth's magnetic field and detect the ^ 
• . .. field using the compasses. Draw a line on each sheet of paper from activity 1 (above) so as to..' 
mark the place of Incipient rifting/See activity 2 .on p. 22 of Crusty Problems (Teacher's''' 
Editioh). 

. . ■ ■• "* ' . ' ,. 

34. BW. or split the aupercontlneot by placing one hand on each sheet of fiaper and slowly 
spreading the paper? away from the center (simulating the developrtient of new ocean floor 
N as happens today in the vicinity of the Red Sea). See activity 3 on p. 22 of Ccusty F^ro0lems 

;^ (Tea?;her's Edition). . -v •. " 

.1'*' • • , ■ . * 

ZSi- After shading the area of paper that you have pulled out ffom beneath the table with a crayon, 
record the magnetic jield as determined by the rieedles of the compasses. Mark the'dlrection 
of polarity on the coffered strip with a black felt pen. See activity 4 on p. 22 of Crusty Problems 
(Teacher's Edition)?. - , 

t'.': . • • 

36; Turn the magnet around 180", so that the end that was away from the paper is ndw pointing 
toward the paper. Spread the continents as previously but shade the qew area a,different' 
colour and again record the direction of polarity (now reversed). See Activity 5 on p. 23 of 
Crusty Problems (Teacher's Edition). 

*37. If new material is crtf^ated in the sea-floor spreading centres what happens to "the ojd sea- 
- floor where it meets a continental boundary? Extend the paper until it reaches a simulated 
subduction zone (another crack between two tables) and forde it back beneath the tabH? 
(beneath the adjacent continent (simulating the continent with books or clay). Continue 
creating new sea-ffoor and destroying old sea-floor in the subduction zone. Pose th^ 
question about what happens to the oceanic plate where it descends beneath the continental 
lithospheric plate. Also, what types of processes operate in this zone (earthquakes, melting, 
volcanism etc.). Then pose the question about the age of the sea-floor and have students 
consider the implications of oceanic plate consumption in terms of the age of the Pacific 
Ocean basin (for example). 

38. Investigate features of young'.fold mountains at continent/ocean boundaries. Study pp. 19- 

23, TOU (Unit 26). Fjeport on the four main processes operating at the leading edge of a con- 
tinental plate i\he edge which overrides the descending oceanic plate): (l) igneous (2) 
nnetamorphic (3) deformational and (4) sedimentary. Figure 6 on p. 21 is an idealized section 
through a destructive plate margin. Match the appropriate letter with the items on the list 

. ' (TOU, unit 26). 

39. Study^and report on the five main lines of evidence which suppprt the theorie's of continental 
drift an^.s.ea-Jloor spreading. These. are (1) topographic fit between the^continents. (2) fit of 

^^^enic belts between the continents, - (3) pajeoclimatic, pal^^|^graphic and paleon- 
^toT^Si^G^. evidence, (4) paleomagnetje^isvifleftce, and (5).oGean fticror evidence. (TOU, unit 26, 

. . pp^ 7:.1'8ip^,;^.-..----V - " 

40. Investigate the various types of plate margins in plate tectonic theory. (TOU, unit 26, pp. 20- 

24. ) According to The Ojpen UnrXersity, Unit 26 (Continental fy/lovement, Sea-Floor Spreading 
and Plate Tectonics, pp. 20-22) there are four main types of plate margin. These are: (1) con- 
structive or oceanic ridg^ margins, (2) destructive margins df coastaTmountain range and 
island arc type [B.C. in the Cretaceous], (3) destructive margins of intracontinental type, sfnd 
(4) conservatime margins [B.C. today]. See if you can select from the array of features listed 
on p. 23 (TOU, unrt 26) those that match the first three types of margin listed. Answers are 
listed on p. 24. 
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41 . Investigate and read several papera^bout {he cauaes of plate motion. tTOU, j|hlt 26, pp. 24- 
26.) The two rnain theories «ri^ (1) cbrivection currents throughout the mantM and (2) con- 
veotl^dn currents^lii the-ft>w-ve^ 

42. Investlgnftf ttie evidence for piate tectonic theory and then answer the self-assessment 
questions T^rssented on pp. 30-31 of TOU, unit 26. ^ 

43. Examine an illustration (such as the orie in question 7, p. 33, TOU, unit 26) which shows the 
topographic profile-.of an oceati floor, together with the magnetic anomaly profile. The 

v 'anomalies are arbitrarily labelled from left to right. How would ydu interpret this information? 
Thdicate whether the possibilities given below are likely to be true or false (see question 7, 
TOU, unit 26, p. 33). 

44. Examine the polar wandering curve for two hypothetical Continents. When did they begin to 
drift apart? (See question 8, TOU, unit 26, p. 33.)^ 

. , - 

45. Examine a diagrarhr which shows the magnetic, anomaly profiles for the South Atlantic and- 
the South Pacific. The anomaly pattern for the Atlantic has dates (in Ma) indicated on it; 
correlate it with the Sou^h Pacific profile and work out the spreadi^ig rate of the South Pacific 
during: (a) the last 20 Ma and (b) the period 20^60 Ma ago, (See question 9, TOU, unit 26, p. 

investigafe all the criteria that enable Africa to be matched to South America in the^onCept 
of continental drift. The six criteria are: (1) extent of continental shelf and coastline f/t. (2)r 
distribution, of oratons and erogenic belts. (3) "extent of ice cap 250 Ma ago (during the 
Permo-Carbonifarpus giaciation, (4) sequence of rocks laid down between 120 Ma arid 80 Ma 
(Jurassic and Cretaceous), (5) paiaeomagnetic data and (6) ocean floor age. All data is con- 
cisely presented on pp, 16-18 of The Open University (Unit 25) entitled ''Continental 
movement, Sea-Floor Spreading and Piate Tectonics." 

46. Construct a drawing to scale of the interior of the earth .Showing the principle subdivision. 
U^e graph paper and a compass. Colour the various i;ones and label cdrefuiiy. 
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The student should be able to: ' ^ ' 

and meinfiure the di^ and stfike of an outcrop. ^ , ' 



(Activity #15, ie, 18) ' ■ • ,< v ' - . >: 

★ 2; Diagram or. map the subsurface structures indicatkd by the dip and strike of an outcrop: 

. (Activity #1. 2; 3. 7. 8^ 9, 10: 11, 12. 15, 16) ' 

• ■ •■ • ' 

★ 3. ^Name and diagram anticlinal mmoclinal, syhclinal and plunging folds. 

' ' > ■ • ^' '. ' ' ■•; " 

(Activity #1, 2, 15, 16, 18) 

★ 4,' Idmtify the- various types' of folds' from tnapi and outcrops. ' ■ " 



'(Activity #1.'3, 6, 7, Sr9,.10,"l1, 12, 15, 16, -17, 18) 

★ 5. Describe the envirqnment^ of formation, for the various types of^fol^B- 

(Activity #5. 13. 14).,. ■ ' , r ^ 

★ ,6. Name and dJagram norMi reverse, thrust, slrike-slip and tratfsform faults. 



(Activity #1^. 16; See also Part I. Activity #17) 
7. Identify the various iypes of faultk from maps- or in the field. 

;i v (Activity #3, 7, 8, 11,' 12, 15, 16) 

* 8. Dek'ribe the environments of formation for the vaMous types of faults. 

(Activity #5, 13, 14, 15, 16) 

♦ 9. Identify and describe the various forms of unconformity. 



(Activity #16, 16, 17; See also Section B, Part I, Activity #22 and Section B, Part H, Activity [' 

•#14,: t6) ■ ^. ' ' • ■ ' ■ (■ 

■ ; ■ ■ ' ' 

- . -39, , •' , 



* 10/ Suggest method^ of formation for each type of unconformity. v 



(Activity, See Section B. Part I, Activity #22 and Si^ction B, Part H, Activity #14, 16)' 
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Activitiea. and Investigations 
Geoiogic Structures 

1 . Study illustrations, slides, filmstrips and models of the folloCvIng structures: (1 ) symmetric an* 
ticline, (2) symmetric-syncline, (3) asymmetric fold, (4) recumbent fold, (5) recumbent fold and 
thrust, (6) normal fault (7) reversed fault (8) thrust fault (9) right jateral or dextral fault, (10) left 
lateral or sinistral fault. Then study the coloured photos in plate B of TOU (unit 25, p. 57) 
without consulting the descriptions'! Write down the names of the structures illustrated, an* . 
then consult the descriptions to check if you identified them correctly. ' ; ^ 

2. Construct models of either paper or clay to illustrate several types of geologic structure. 

3. Find,. examples of each of the geolpgic structures indicated irf^acjivity number 1 on ^• 
Geologic Map of British Columbia or of North America. ? 

Note: The following activities are from Geology and Earth Sciences Sourcl^boolc for Eli^nienti|ry 
and Secondary^' Schools. (GESSESS) (Activities 4V 5, and 6) 



Ar*^ th6 load of sedirrienls increases, the rocks beneath are depressed. See experiment 1 for 
derftonstration of isostasy. QESSESS (pp. l08-tl0)'. 

* S. " Experiment with sand "squeeze boxes", buckling pads of papjL or simply wrinkling a rug by 
/ pushing on one side cause features to develop similar to thewlds and thrusts of the moun- 
tain belts. GESSESS (pp. 116-112). 

6. The f8<ct that as many as 15 200 m of sediments were deposited in water, which generally was 
no ^pre lhan 300 m deep, indicates a close balance between rate of subsidence jind rate of 

' sedimentatiqn. Sedimentary, rocks in geosynclines are^commonly in two parallel belts. The 
sediments of the b^lt closer to the continent are the result of erosion from the continent and 
aremostly clay, silt, sand, lime muds, and reef-building materia^. The offshore beft is charac- 
terizetd by unsorted layers, submarine lava flows, and other matei^als from offshore volcanic 
islands and their foundation rpcks (granite, gneiss, schist, etC.)yOn a sketch map of British 
Columbia show the location' of the major geosynclines of Mesozoic age. Chapter VIII — 
Qeology of Western Canada in Geology ^nd Economic Minerals of Canada. One geosyncline 

' of Mesozoic age is termed the Tyaughton Trough and trended northwest along the Fraser 
River from the International Border to the vicinity of Quesnel. Another was located inlhe 
Rocky Mountain area (the Cordilleran Geosyncline) and a third was situated in the Van- 
couver Island-Queen Charlotte Islands area (the Insular Trough). 

7. Study Fig. VI 1 1-38 (p. 450) in Geology and Economic Minerals of Canada. The figure is en- 
titled "Structure-section through southern Cordilleran Orogen" Profile A-A* extends through 
the Western Cordilleran Fold Belt (Vancouver Island, Georgia Basin, Coast Plutonic Complex 
and Cascade Fold Belt) to the Eastern Cordilleran Fold Belt(Shuswap Metamorphic Com- 
plex, Selkirk Fan Axis and Rocky Mountain Trench, Purcell Antlc'linortum, and the Rocky 
Mountains). Find the following structures along Profile A-A': a pluton, fold mountain belt, 
metamorphic complex, thrust faults, anticline, syncline, normal fault, reverse fault and over- 
turned fold, ^ 

^ In the enlarged section through the Selkirk Mountains and Rocky Mountains locate the 
following structures: high grade metamorphic terrain (with garnets), high angle thrust faults, 
^ low angle thrust faults (overthrustsy. faulted anticline, syricline and overturned fold. 

9. Where are the oldest rocks located along profile C-C? Where are they closest to the surface 
(area, of maximum uplift)? 

10. The Archean and/or Aphebi3n rocks are the oldest Precambrian rocks shown on the profile 
C'C*. If one were to drill a hole through the crust in the Selkirk Mountains, how deep would 
you have to drill to reach the Archean rocks? What about the Foothills belt, how deep would 
you have to 6%i\\ there to reach the Archean rocks? The Archean rocks represent the 
basement complex of the North American continent. 

1 1 . Contrast and compare th^eV^ruclure of Vancouver Island with that of the Georgia Basin. (See 
profile A-A in Figure VjJII-Ss of Geology an4 Economic Minerals of Canada, p. 450 ) 

12. The newest map shovying'th^'gaology of British ColuTnbia is availablevfrom The Geological 
Survey of Canada (100 West Pender Street. Vancouver. B.C:). Itwas^prepared to accompany 

^ C.IMjM. Special Volume 15. Porphyry Deposits of the Canadian Cordillera. The Geologic 
map is sold separately for $5 and comes with.an overlay entitled ^"Faults, Porphyry Deposits 
and Showings, and Tectonic Belts of the Canadian Cordillera. 

13. Investigate w6dge-shaped mountains and uplift by faulting. Required. 4 strips of modelling 
clay. 10 cm x 3 cm x i cm. in 2 different colours (2 of each colour) knife. 2 rulers or thin 
blocks of wood. Activities 1-4 (Crusty Problems, Teacher's Edition). See pp. 80-82. 

14. Uplift of mountains due to folding Same equipment list as for Activity 13 above plus sheet of 
paper. According to this theory the crust is pushed up to form mountains as a result of 
collision of plates drifting about on a fluid zone at the top of the mantle. Collision causes 
pressure resulting in folding of the crust Activities 1-4 (Crusty Problems, Teacher's Edition). 
See pp. 83-85. 



15. Do the exercises in Chapter 6 (Inferences from Geologic Maps) of Laboratory Studies In 
Earth History (pp. 65-70). 

16. Investigate the outcfop patterns of major structural features. Chapter 16 (Geologic Maps) in 
Exercises In Physical Geology (4th edition). 

17. Study the geological structures illustr^ned by colour photos in Plate B. (Unit 24) of the Open 
University, ^ Major Features of the Earth's Surface Continental Movement, Sea-Flbor 

^S0readlng and Plate Tectonics- (p. 57). Cover up the captions and see how many of the 
structured you can identify. ' ' 

18. Sketch from memory the fpllowing geologic structures: anticline, syncline/normal fault, 
thrust fault, overthrust fault. Now take a walk in the mountains and look for some of these 
structures. 

Part III — Earthquakes 

The student should be able to: 

> 1. Suj^est several methods of earthquake generation. 

(Activity #2, 13. 14) \ 

' * ,^ • 

.2. Describe the effects of earthquakes orr various environments. 

(Activity #7, 8. 9. 14, 15. 16. 17, 20, 22. 25. 26, 27. 28, 29) 

* 3 Dfsci/ss the Richfer snWc and other methods of measuring earthquake nia^^nitude. 

(Activity #21, 23) 

* 4. Construct and explain in the functioning of a sitnple seisfni}<*raph. 

(Activity #1. 3. 4, 10. 11, 12) 

* 5. Name and describe the different types of eartliquake waves, 

(Activity #2. 3. 4. 10. 11,-12. 17) 

* 6. Relate methods developed in forecastm;^ earthquakes and prevnitive measures to he taketi to lessen 

damiT^e atui nijiiry 

(Activity #5. 15. 16, 20. 21, 26) ' ' 
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Activities and investigations 

Earth Structure/Earthquakes ^ 

1. Investigating \he inside of a sphere (Investigation 13-1, p. 280, investlgatiitg the Earth). The 

hidden interior of an object caji be studied without seeing or sampling it. The student is given 
two spheres of Identical size and mass, one with mass uniformly distributed, the other with 
mass concentrated toward the surface. (The Sphere Dynamics Kit is an ESCP Investigation 
and the materials can be obtained from Hubbard Scientific Company or Arbor Scientific 
Company ~ distributor for Ward's in Canada.) Unless the student cuts the spheres open he 
must rely on differences in the spheres' behaviour In order to make an educated guess as to 
their interior differences. Success in' this investigation should provide insight into how scien- 
tists investigate the Interior of the earth. (Investigating the Earth. Teacher's Guide, pp. 145- 
146.) 

2. Go outside and place your ear against the building. Listen to the sound made by another 
student who hits the wait with a board. Describe what you hear. Do sound waves travel taster 
through the building or through the air? 

3 Investigating the epicentre of an earthquake (Investigation 13-4, pp. 283-285, Investigating 
the Earth.) The seismic waves generated during an earthquake provide a powerful and 
penetrating means for making inferences about the earth's interior. In this investigation, th-^ 
student develops the means to determine the origin and arrival times of earthquake waves. Iri 
dealing with waves as they affect the surface of the earth, the student should gain greater un- 
derstanding of the action of waves under the surface. The materials required fo'r each group 
of two people include graph paper, a 20 cm diameter globe, marking crayons, and string. (In- 
vestigating the Earth, Teacher's Guide, pp 147-148.) 

4. Construct a drawing to scale of the interior of the earth showing the principal subdivisions. 
Use graph paper and a compass. Colour the various zones and label carefully. 

5 The most important recent article on the subject is entitled ''Earthquake Prediction'" by Frank 
Press (Scientific American. May 1975. pp. 14-23). With the advent of the theory of plate tec- 
tonics the distribution of earthquake belts around the world became understandable. The 
student should select three or four methods that have been successfuhin predicting ear- 
thquakes and present them to the class or prepare a written report by consulting a few ad- 
ditional references. Another good source of information is the text entitled "Earth" by Frank 
Press and Raymond Siever, published by W.H. Freeman (1974). See PP>>' 31. 594-595. 654- 
655 What atterhpts have been made to predict earthquakes m Canada^ Perhaps a student 
will wish to communicate with Dr. John H. Hodgson, Chief, Division of Seismology, Dominion 
Observatory, Ottawa or Dr. W G. Milne. Dominion Observatory. Victoria. Both have published 
extensively on earthquakes in Canada. ' Earthquakes and Earth Structure" by J.H. Hodgson 
(Prentice-Hall. Inc., 1964) has an excellent summary of the topic in Chapter 5 (What Can We 
Do About Earthquakes'^) and includes maps showing earthquakes of western Canada and 
eastern Canada as well as other information about Canada's earthquakes on pp. 5. 7. 9. 21. 
36, 4.5, 64, 80. 133-135. 138. 144 and 159. 

6 Investigate how earthquake waves were used to detect the low velocity zone of the Earth's 
subsurface, a critical piece of evidence for the plate tectonic meory. Read the article entitled 

The Plastic Layer of the Earth's Mantle' by D.L. Anderson \n Continents Adrift (pp. 28-35). 

Note: The following activities are from Geology and Earth Sciences Sourcebook for Elementary 
and Secondary Schools. 

7 The best introduction to the subject is to experience an earthquake. For those who live In 
regions where earthquakes are rare, the introduction can be strengthened by using a 
newspaper account of a recent shock. The teacher can also use descriptions of famous ear- 
thquakes of the past 

Vibrations from passing heavy trucks produce sensations not unlike those of some minor 
shocks 



8- During discussion dev-elop with the pupils a list of superstitions regarding earthquakes. Seek 
-to'pro/ect their thinking in,to th^ past so that they urrderstand that itiese ideas were based an 
; the limited knowledge of the time. The te.acher may need to supply ideas from. the basic list. 
The student may interview friends and relativ.es for the causes and e?cplanations .of ear- 
^thquakes, some of which will not differ appreciably from primitive superstitions. 

9. Collect and 'present pictures. of earthquake damage'. Have students read accounts of farrious 
earthquakes, such as the San Francisco earthquake of 1906. the Tokyo earthquake of 1923, 
and Alaska's Good Friday earthquake , of 1964. ^ • ' 

10. Display illustrations of a sersmograph and seismogram. A sei.smogr&ph is an instrument con- 
structed to npeasure earth tremors, Such movements ar^ recorded by detecting the motion of 
the ground relative to a suspended mass, such as a pendulum. 

11. Demonstration of the principle of the seismograph. , ^ 

y 

a. Construct a pendulum by hanging a ,plumb-bob from a supporting frame. 

b. Use a 60 cm length of string and let the pendulum swing from side to side. 

c. Determine the approximate period (time for a complete swing to and fro) by counting the 
number of swi-ngs in 10 seconds. 

* d Move the support holding the pendulum at a much greater speed than the natural swing 
of the pendulum. Note that the bob remains fixed in space.- 

12. Demonstration of a horizontal seismograph -Make a horizontal seismograph. 

13. Bend a metrestick or similar strip of wood ur\til it breaks. Call attention to the sudden release 
of energy when the metrestick snaps'. Place the ends of a metrestick on its side edge, in C- 
clamps on a table. Hold one of the clamps in position and move the other one along the table 
until the stick snaps. Note the position of the broken metrestick after the break. 

14. Build two identical model buildings with plastic toy brioks. The walls should be at least 10 cm 
high. Place chimneys on one building. Be sure the roof is attached to the walls of each 
model. Shake the table lightly and observe the behaviour of the buildings and decorations. 
Continue the artificial shock until the buildings are shaken down, Record your observations, 
noting any similarities or differences in the models. 

15. Starting again with the identical model buildings, construct one on a foundation of sand or 
clay at least half as deep as the building is tall, and construct the other on the hard tabletop. 
Tape the second building to tb© tabletop. The buildings now simulate construction on fill and 
on bedrock Shake the table and record your observations, as in the previous experiments. 

16 Finally, build two identical model buildings with plastic toy bricks, and place horizontal 
stringers across both buildings extending from wall to wall. Anchor the stringers to the walls 
of one building with tape Shake the table and observe which building withstands the ear- 
thquake better. Notice which parts of each structure withstand the shock best. 

17. Earthquake waves follow closely a well-established timetable from the focus out to a 
distance of 11 200 km or about 100 degrees of arc. Beyond 11 200 km. both the P waves and 
the S waves disappear The^P waves reappear again at about 143 degrees from the source, 
but non-reflected S waves are not recorded by seismographs on the side of the earth op- 
posite to Its focus 

Build a model of the earth s internal structure to show the crust, mantle, core and inner core. 
Using .plastic clay of different colours, place concentric rings on the board indicating dif- 
ferent layers of material within the earth. Label the rings by making flags of paper triangles 
attachied to toothpicks 




18. Alternatively, make a small ball of plastic clay of one colour (3 cm in diameter). Cover it with 
successive layers of plastic clay, using differen-t colour for each earth layer. Cut through the 
claywith a 3harp knife or razor blade taking%out a section. Label the layers with paper flags 
attachec! to toothpicks. 

19. The behaviour of earth materials that break and generate earthquake waves, yet flow over 
long intervals of time (for example, in mountain building) can be represented crudely but in- 

' formatively with "Silly Putty". The putty can be bounced on the floor, yet it can be per- 

manently deformed by slowly but firmly pushing or pulling it, or by allowing it to deform under 

\ its own weight during a qlassroom session. The putty fractures, if it is jerked or struck^ sud- 

den, sharp blow. . ^ ^ 

20. Have students read accounts of tsunamis of the past, and have a pupil report on the Hawaiian 
warning system. (Within 15 minutes enough earthwaves'from an Aleutian quake reach Hawaii 

'to permit computation of distance. A tsunami, if started by the same quake, takes 4 H2 hours 
to reach Hawaii's shores.) , - 

21. ' Have the students assemble data on the amount of energy involved in natural and artificial 

processes. A good compilation appears in the ilf^stration on the bottom of pages 14 and 15 m 
the volume on Energy, Life Science Library. fJ9o3. This is a good opportunity to discuss the 
concept oj energy and how the concepf can be used in analyzing how physical systems work. 
^ Go over' the modified Mercalli Intensity Scale. 

22. Study a^eismic risk map of Canada and note the area of British Columbia iricluded in the 
. ' high risk belt. The summer (1976) issue GE0§>:maga2ine includes ao article entitled "Ear- 
thquake — Studies of the Seismic aisk in British Columbia" by W.G. Mil'ne and shows the- 
Seismic Zoning Map of Canada. GEOS is available free of charge t9 teachers from Editor. 
GEOS. Energy, Mines and Resources. 588 Booth Street, Ottawa; Ontario K1 A 0E4 and copies 
of this article are distributed without charge on request. 'But (dori't wait too long to ask for 
your copy! 

23 Have students obtain mforrrration on major earthquakes which have occurred in Canada. Plot 
on a map the epicentres for each of these quakes. Discuss structural stabijity of each epicen- 
tre area 3 ^ , 

24 Have students plot on a world map major volcanic areas and major areas of earthquake oc- 
currence Discuss their relationship to plate tectonic theory. 



25 Describe the experiences one might encounter during an earthquake using data obtained 
from past earthquakes in your area 

26 Make a map of the areas of fill m your local school district Note whether any large structures 
have been constructed on deposits of fill invite a structural engineer to discuss the Building 
Code of Canada and the precautions that are taken to construct high buildings to resist ear- 
thquake damage 

27 Study a geologic map of British Columbia and note the presence of the Queen Charlotte 
Fault. This fault is an extension of the San Andreas fault system of California. The ear- 
thquakes under the ocean west of the populated area of southern British Cx)lumbia are 
usually not a threat to the well-b-emg of people, but. farther north: the major earthquake of 
1949 shook the Queen Charlotte Islands very severely. It is an example of the large ear- 
thquakes that tend to be associated with transform faults. The 1949 earthquake generated 
long period waves of sufficient strength that chandeliers in Jasper, Alberta, were caused to 
swing and-a surveyor m the Arctic and an astronomer in Ottawa found it difficult, if not im- 
possible, to keep their telescopes trained upon a fixed star during the passage of these great 
earthwaves 
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• 28. Study tf\B severe earthquakes that have affected the west coast of Vancouver Island. An ear- 
V > thquake there in 1918 was felt over a large region. Lesser versions of this event occurred in 
1957 and 1972. Ea/thquakes, so far of a moderate size, in the San Juan and Gwlf Islands area 
^ ' of the southern Strait of Georgia shook Vancouver and Victoria in 1 909 >and 1920, andio a 

much lesser degree shake the area more or less annually. On June 23, 1§46, at about 10:15 
. on a Sunday morning a severe earthquake occurred al the north end of the Gulf of Georgia 
near Courtenay and indirectly caused the loss of one life and much property llamage. It was 
felt strongly a^ far away as Victoria. Talk to local residents that might have experienced 
some of these earthquakes or look at old newspaper-clippings and find out what happened in 
your area. 

29- Investigate seismic risk in the Fraser Valley of British Columbia. An earthquake in 1872 
severely shook the whole lower Fraser River area and in fact was felt strongly as iar north as 
Quesnel. The exact location or size of the event has not been accurately determined, but it 
must be ranked>as a major earthquake with an epicentre east of the Vancouver region and 
possible south of the forty-ninth paraJKeKrA^Vhat effect would such an earthquake have in the 
Fraser Valley today? *t 
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LEARNING OUTCOMES AND SUGGESTED ACTIVITIES 

Time & Measurement of Time ^ 

The Fossil Record 

Interpreting the Geological Record 



Teacher Resource Material is indicated by number in tfte parentheses following most Learning 
Outtofnes. Details regarding references, activities and investigations follow the respective sec- 
ti(ms of the Geology 12 course. (These are suggest^ activities only and may be used at the 
disvretion of the teacher.) 
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TME A MEASUREMENT OF TIME 

i One of the chief contributions by Geology to philosophy and s^cience has been the concept of the 
V Immensity of time. T+ierefore it is important for students to be aware of the methods of measuring 
time, and of the vast scale of time necessary for Earth History to unfold. 

LEARNING OUTCOMES 

The student should be able to: 

V . ★ I. Explain haw the half-life of a radioactive element is used in estimating age of rocK fossil pr artifact 



(Activity #8, 9. 10, 15, 21, 29, 33) 
> 2. Use a half life graph to compute the age of a specimen, given the necessary data. 



(Activity #9, 21, 29) 
3. Recount assumptions made in calculating ages by radioactive dating. 



1 



(Activity #8. 9, 10, ;21, 29. 33) 

4. Deduce relative ages of strata, dikes, intrusions using principles of crossyCutting and superposition. 

(Activity #5, 6. 20, 23, 24, 25, 37; Reference #4) 

5. Discuss critically the various methods (historically) used to calcMne the ages of the earth. 




ed 
ated 



relative and absolute ages. 



16, 22, 23, 24, 25, 26, 27. 28, 34. 35, 37) 

in billions of years events sUch as: 

— Man appeared 

— Pleistocene Glaciation 

— Pacific Coast Orogeny 

— Rocky Mountain Orogeny 

— Appalachian Orogeny 



, 13, 14. 16, 17, 18. 23. 25. 27, 34. 36, 37, 38) 
51. 
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8. Discuss the methods used to determine the relative ages of fossils. 

\ ' ■ 
(Activity #10, 11, 13, 14, 35. 37, 39) 
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Activities and Investigations 

1. Have you ever seen a million of anything? Count sand grains and see how big a pile 
jrOOO 000 grains would be. Do this b,y sampling rather than actual counting. Count the grains 
in one ml and extrapolate. (Reference 1, p. 461). . . ' 

2. How many lifetimes are there in 1 000 000 years? (Reference 1, p. 461). 

3. How many copies of a ditto sheet (use a masted ditto sheet and run off part of the required 
number) filled with asterisks wouldA^ou need to have 1 000 000. asterisks? (Reference 1, p. 
461). ^ ' ' / * 



A. Kow could a .burglar tell that the owner of a house'^has been away for almost a week? 
. (Reference 1, p. 462). This illustrates an indirect metHbd of measuring time, a common pr|ic* 
tise in geology. ' 

S. Illustrate a method of measuring time indirectly by studying varves. (Reference 1, p. 463). 



6. Illustrate a method by which trees can be used to place events in time. (Reference 1, p. 464- 
467).^ 

7., If you were locked in a room with no windows (but plenty of air, food and water), how could 
you measure the passage of time so that you would know, the day of the week when you 
would finally be let out? (Reference 1, p. 468). 

8! Two kinds of carbon can be found in wood. The main type is caljed carbon-12, and the other 
kihd is called carbon-14. Discuss the difference between these two kinds of carbon and 
illustrate how the ratio of the two types of carbon can be used to determine the absolute date 
of organjc material. (Reference 1, p. 468-471). 

9. Uranium can be used tor dating. Demonstrate a Geiger counter on a rock that contains 
radioactiye minerals such as uranium, which decays in steps. Geologists can tell the 'dif- 
ference between lead that came from uranium and lead that was there all the time, because 
the weights are different. List sorhe radioactive materials and indicate how the decay of one 
of these substances can be used to determine the age of a rock. (Reference 1, pp. 472-474). 

10. What methods could be used to date a series of objects such as (a) a wooden mummy case 
from Egypt, (b) a fossil fern: found in shale, (c) a mammoth found trbzein in a'glacier, (d) coal 
found in Antarctica, (e) a very aid sequoia tree, (f) a spear pointirom a prehistoric campfire, 
(g)'a "fire-arrow" oldest known Chinese gun and (h) moon rock? (Reference .1, p. 475). 

11. Both fossils and mountajn building can be put on a kind of geologic calendar called a 
geologic time scale or geologic column. To make a calendar of your own, you will need a 

jetrestick and a strip of adding machine tape 5 metres long. If you have^oloured pencils 
for marking. (Reference 1, pp. 474-478). ^ 

se, cquld you tell when the 



If you' tape your calendar to 
even if jhe very first man to 
very little of the earth's histo 

Your school may have a stairway^teJM), count thej 
and determine how much- time yoiipbuld pass 
represented an equal percentage QlUi^ total a$ 
appearance of man with a piecqr-ot^maskii; 




fd. Given a cross-section of a tree, can you determine when the tree was cut down? (fleference 
1, p. 484); 

20. If you were given a varve sequence in which the oldest varve had been dated, would yqu be 
able to date a fragment of bone found somewhere in the middle of the section? Students 
could be given such a drawing and asked {o determine the age of the bone. (Reference 1, pp. 
484-485). : : ' : ^ 

21. A^flood washed an old log out of a river bank. It sh^i^ld contain 0.28 grams of ^arbpn-14 if the 
^ \0Q were still alive. Geiger counter readings shoWed that the log contained 0.036 grams of 

/ carbon-14. How old was the log? (Reference 1, p. 484). ^ ; . 

_ _ . . ; ■ . 

22. An introduction to a unit on the measurement of time might include the following exercise. 
.Use any method you can think of. except your watch, to determine the duration of a five- 

' • minute period. Cover all clocks and watches in the room. Choose one student to bie a 
timekeeper. The timekeeper will place a mark on the blackboard when you are to start to 
measure a five-minute period of time. When you think five-minutes have passed; signal the 
'timekeeper. The timekeeper will make a mark each time someone signals aqd the teacher 
will record the actual time each student stands (if possible). Reference 6, p. 324). 

23. You can mark the passage of time by relating it to a series of events. ThTfe is termed relative- 
time. List four events of your past life. Put the most recen-t event at thetpp of your list. Now 
add to your list the events that one or two of your classniates listed. Try to place alj of these 
events in the order they happened. (Reference 6„p. 324). X ^ 

24. Show students illuslrations such as are depicted ^)n p. 326 of^estigating the Earth t^jSvised 
Edition). See if you can find signs changes that have happened in/the recent past. 
(Reference 6, pp. 326-327). ^ ' . 

25. In a time-ordered sequence of avents, event A happened before event B, which in turn hap- 
pened before event C. Event D.. however, happened before event B, but after event A. Can you 
represent these events in their proper ord^r. (Reference 6, p. 327\. Answers for investigations 
numbers ^5-28 are given in Reference 8. ^ ' 

26. Can you think of any event/ that do not involve change? (Refereoce 6, p. 327), 

27. Why is it important that earth scientists be able to determine relative arid measured geologic 
time? (Reference 6. p. 327). 

28. How would you define time? (Reference 6, p. 327). 

29. Obtain a small amount of uranium ore or a specimen of pranium-bearing mineral from your 
teacher and place it in a cloud. chamber. A oloud chamber\can be obtained frbrp Arbor Scien- 
tific Ltd., Bpx 113. Port Credit, Ontario. The chamber consists <^a clear plastic dish about tbe 
size of a cottage cheese container and lined at the top with a f§]^ strip. The covered chamber 
is set on dry ice jjntil the alcohol saturated felt strip produces a vapor. In the dafck using the 
beam of a^ashlight the students can see the track of beta particles emitted from a piece of 
radioactive ore. (Reference 6. p. 59), 

30. On a hot day we can observe a "shimnnering" effect that extends upward above pavement or 
soil. These are popularly called "heat waves". What produces the shimrin'ering effect? 
(Reference 6. p. 59). 

31. What happens to the enormous amount of the sun's radiant energy that does not strike the 
earth? (Reference 6. p. 59). - ) 

32. What are the various sources of energy received by the earth's surface? (Reference 6, p. 59). 
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33. All the nuclei of radioactive elements do not decay at the same time. The decay process iq- • 
volves chance. Although atoms cannot avoid decay, it Is impossible to tell when it will hap- 
pen for any particular nucleus. Since even a small sampi© of a radioactive element contains 

; bUllons of atoms, the average rate of decay carv be dejiarmined. To illustrate^.the concept* of * 
' half-life you can develop a simple model illustrating probability in radioactive decay. 
" (Reference 6. pp 328-329). 

34. Were the earliest methods of classifying georogic time relative or measured? Why were such , 
methods used';' (Reference 6. p. 339) 

35. How does the correlation of fossil species relate to the development of a Geologic Time 
Scale? (Reference 6, p. 339) 

36. How could you develop a Geologic Time Sc^le for your local area if one were not available? 
(Reference 6, p. 339). ' ^ 

■h 

3/. Study an outcrop near your school and determine the sequence of sediments present there. 
Determine the relative age of the different beds and discuss the problems of measuring the 
exact age of each bed in years. ( 

38. The magnetized bodies in the ocean floor have provided an amazingly complete history' of 
magnetic-field reversal^ that now extends back about 76 million years, into the Cretaceous 
period. The classi^c paper on thi;^^ subject is one entitled Kcversah of the Earth's Ma^etic Field 
by Allan Cox, G. Brent Dalrympfe and Richard R. Doell (Scientific American, February 1967). 
By comparing the ages they assigned to specific reversals of the geomagnetic field wrth the- 
distance of the corresponding anomalies from the ridge axis it is possible to deterrrjine the 
rate at which the sea-tloor has' spread in the various oceans. Study the pattern of se%floor 
spreading shown on pp 72-73 of an article entitled Sra-Fhwr Spmidirt^ by J.R. Heirtzler in Con- 
tinents Adrift (Reference 10.. pp 68-78). Using the time scale given on p. 75 (Reference 10) 
determine the age of the followmq events (a) birth of Iceland, (b) opening of the Gulf of Aden, . 
fC) seoaration of Australia from Antartica. (d) separation of New Zealand from Antarctica, (e) 
seoaration ot South America from Africa and (f) separation of North Arrierlca from Eurasia. 
'Reference 10. od '68-78). • ' 

j9 : .niti-ii development .^t the OecMonic Time'Scale was based on the fossil record. It clearly 
' wed that fhere were ueruorrs ot tm.e Characterized by the abrupt multiplication and diver- 
-.•ir:irion certain animal incwonnt groups. !t i^' now thought that continental drift played an 
imijort^nt role in explainmo tj/is phenomenon. The age of^flE^ptiles, for exampl^, lasted 200 
Tiiihnr, vears anrl Q^^JW-r^^o only 20 'reptilian orders, of^ major groups of reptiles. On the 
other ^and ♦he age pf mamrr \ls. which followed the age of-reptifes, lasted for only-SS million 
- vear^ r^ut gave rise to more than 30 mammalian orders. The difference between the number of ... 
reotilian orders ar 1 the nu^ner of mamm alian Ones may partially be explained by the fact 
mat rnr most of ^he aqe of 'eptis^es the continents were collected in two supercontinents. 
.;her^\is e irly in th- aqe of mammals the ♦wo supercontinents broke up into (he continents of . 
tod.iv w'lte an e-'^ i / on t^>^' etiect ot these events on the evolution ot living organlsms.and 
now ^his , IS ^nt'i, >nced the d-velopment ^he geolngic time scale. (Reference 10, pp. 1 14- 
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THE F088H. RECORD 

Charles Darwins) arguments in support of the theory of organic evolution might never have gained 
acceptance if it ij^ere not tor the supporting evidence provided by the newly developing science of 

" geology in the mid-nineteenth century.'DarVvins' hypothesis was predicated on the cumulative ef- 
fects on almost impercepta^ble changes over long periods of time, The science of geology has con- 

^'^ibuted to the theory of evolution through the establtehment of^n acceptable time scale and the 
provisipa of fossil evidence of evolutionary change in living things. 

The fossil record of evolutionary change is far from complete. About 300 000 fossil species have 
been described yet the number that have ever existed is estimated at three billion. Several thousand 
new species are identified' each year yet the piecing together of the evolutionary jigsaw remain? a 
slow procbss. ' 

The purpose of this section of the course is to provide students with an opportunity to investigate the 
relationships and time scales suggested by the fossil record. 

LEARNING OUTqOMES 

. Part I — Fossils 

Nature & Occurrence ^ , 

The student should be ibie to: 

1. Dc^icrihc the processes of carbofiiziUum, replacement, permincralization, mold formation and cast for- 
y mat ion. 

(Activity #2. 3. 4.V5:, 11,12) 

*^ * 

2. Identify the process of fotjttuitHm of i^iveti fossils 

i 

(Activity #2. 3. 4. 5, 11. 12) 

3. Surest hypothetical environmental conditions which would result in the formation of a given fossil 



(Activity #3. 4. 5. 8, 9, 11, 12) - 

4. Prepare sample 'fossils' m a lahoratofy situation. 

■ * ' . V 

■I ' ■ . • ' ■ s ' ■ 

w ■ ■ ^ • . . 

lActivity #2, 3, 4, 9) . 

* 5. Discuss the conditions necessary for the preterm h on of 'hard' parts in contrast to those necessary for the 
preservation of 'soft' parts. 



(Activity #1. 6, 7. 8. 9) 
* 6 Define fossil 



(Activity #11. 12. References #2, 5) 




4. 



C^R\M. Books, 1974, Gt'o/tJ^v Today (Revised printing), pp. 382-408. 



6. 



5. 



Janes, J.R., 1976, Geology atiil the Nciv Ghhul Tectonics, Chapter 11, pp. 325-364. 
Long, IL:E.. 1974, Ceoh^y, Chapter 8, pp. 197-225. 



7. 



8. 



McAlester, The History of Life, Prentice-Hall. 

Stokes,- W.L., 1973, Essi7if/V//s of Earth History, 3rd ed.. Chapter S. pp. 84-117. 



Activities and Investigations 

1. Compare fossils with preserved examples of similar types of modern plants and animals. 
Have students note which parts are most commonly preserved. 

. ' 2.. Produce carbon imprints of leaves. Geology and Earth Sciences Sourcebook, p. 302. 

3. Make models of molds and casts. Geology and Earth Sciences Sourcebook, pp. 302-303. 

4. Demonstrate petrifaction arid replacement. Geology and Earth Sciences Sourcebook, p. 301. 

5. Dissolve silicified fossils from a limestone matrix. Geology and Earth Sciences Sourcebook, 

pp. 301-302. ^ , . 

6. Use'-fosSil assemblages or 'slabs' to identify the members of fossil communities. En- 
vironmenjia. Through Time, Chapter 3. p 35 . 

7. Determine life habits for' a variety of fossil forms. Environments Through Time, Chapter 3, 
p. 35. 

8. Have students attempt to relate environmentaT conditions to fossil assemblages. Attempts 
- should be made'to relate environments of deposition to present environments. Environments 

Through Time, C^apter 3. .p 35. 

/ 9. Have sfudentalefli^^h® -^^'^^ replacement, permineralization. mold 

formation and casf fbrmation to the'possible fossilization of (a) bees blossoms and birds, (b) 
fresh water fish, (c) clams and oysters, (d) snakes, lizards and frogs, (e). leaves and branches 
and (f) humans and apes Geology and the New Global Tectonics, Chapter 11, pp. 325-367. 

. . ■) 

-# 

10. Using sets of fossil and modern preserved organisms, classify them according to the en- 
vironments listed in Figures 51 and 5.2 (pp. 42-43)' pf Environments Through Time, E.t.T. 

b (Chapter 5). 
; * ^' . ^ ' . * 

11. Examirr^ preservation of fossils as on p 76 of Laboratory Studies in Earth History. 

12 Read Chapter 11 in Geology and the New Global Tectonics. 
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Part II — Interpreting the Fossil Record 

The Origin of Life # 

The stiijlent should be able to: 

1. Describe the \*cni'nil fuifun' anii structure of nniifio nciti. protein, /<.N./\. nnii D.N.A. molecules. 

(AYivity in) 

2. Propose a mecluDiism for the forftuitton of a selt-fcproducitis^^^iant molecule. 

(Activity #1.2) ^^^^ ^ 

* 3. /)/s(-//ss possible ntmospfierjc Ci>}Jilitum^ ^uitiible for the format ion of .or\^afiic molecules atul primitive 

'cells'. • . ' 

> (Activity #2) . » . 

The Theory of Organic Evolution 

* Ift. Define tfje terms luibital ijtul niche ami rcUUe them to the coftcept of select iiH* environmoitiil pressure, 

(Activity ^10) 

5. Di^cu^^ the ((>?/u7?/s i^t Wcnilt'luni y(W/cM( s tinil inuidtion-^- as tlicy relate ^) variation witfnn a species. 

♦ 

(Activity tt]. 3. 11) 

6. /^"('/'('st' hupi^fhetical rr^piffi^c^ of luodcrn ^pccic^ io various selective pressure. 
(Activity -'^3) 

* 7 Sf<v;y<'s/ ~m7ci//;'(' /'/('--f/f ,(•///,// /(•(/ /(I t':\ilu\io)uir\^ ^lian^e^- a^.cxhibUed in the ft.i<sil reii^rd. 

(•ActJvity -'3) . ' ■■ 

8 /w, i/'/,''?/ » ,cf/// nmliilji^n 'hi !r^^ sf'Jr(f/('r ;'/rss/nrs (/;/(/ pi^puliitu^n divi'r^ify.^ 

(Reference --bi 



Th0 Fossil Record and Evolution; Diversity 

* 10. Describe and identify relations of major ^roup$ of modern plants and animals to their fossil 
predecessors. * . 



(Activity #7, 8, 9) 

* 11. Describe the evolutionary trends exhibited by major groups of plants and 




' - (Activity #7, 8. 9). 
12. Propose hypotheses as to why ;^iven evolutionary trends hai^e been\nsucces^i 

(Activity ^4, 5. 7. 8, 9) 
♦ 13. Describe the probable environment ^u^^ested or indicated by a variety of fossil forms. 



(Activity #20; Reference #2). 
References 

1. American Geological Institute. Geology and Earth Sciences Sourcebook, 2nd ed-, Chapter 13, pp. 
297-321. 

2. Anstey & Chase. 1974. Environments Through Time, Chapter 5. pp. .41-48; Chapter 6, pp. 49-54; 
Chapter 16. pp. 127-132. ' ^ ' M'-: 

^ _ S 

3/ Brice. J.C.. and Levin. H.L.. 1969, Laboratory Studies in Earth History, Chapte^7, pp. 75-132. 

4. Stokes, W.L.. 1973. Essentials of Earth Histhry, 3rd^., Chapter 5, p. 84; Chapter 10. p. 210; 
Chapter 17. p. 422; Chapter 18, p. 442; Chapter 20, p. 486. 

5. B.S.b.S., 1973. Biological Sciences, An Ecolos^tcal Approach, Chapter 17, p. 559; (f hapter 18', p. 605. , 

Activities and Investigations 

1. Have students do investigation 17.5. p. 599 in Biological Science/An Ecological Approach. 

2. Read Chapter 10 of Essentials of Earth History (p. 210). 

'^3. Read Chapters 17 and 18 of Essentials of Earth History (pp. 422, 442). 

4. Read Ch^er 20 of Essentials of Earth History (p. 486). 

5. Have studeqit^s propose hypotheses for the apparently rapid diversification -and extinction of 
the dinosaurs. ^ • . 

6 Have students solve problems such as those found on pp. 310-313 in Geology and Earth 
Sciences Sourcebook. 
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7. Visit local fossil t)eds (have students locate them on maps first) and have students propose 
an hypothetical history for the, outcrop. 

8. Examine fossils as indicators of age gnd environment as on p. 125 of Laboratory Studies In 
Earth History. 

9. VPe students examine and identify the phyla of representative plant and animal fossils-as in 
Chapter 7 of Laboratory Studies In Ejrth History and Chapter 3 in Envrronments Through 
Time. 

tf* . « . ■ 

10. Read Chapter 3 (p. 63) m Biological Science, An Ecological Approach. 

11/ Read Chapter 17 (p. 559) in Biological Science, An Ecological Approach. 

' ^ .• • ^ '. ' . ■ ., 

Part III — Ecology and Paleoecology 

The student should be able to: 

★ 1. Ri'ionsj^ucl hypothetical cnvtwnmctjts usitii^ fossil ami othjcr ^^eoloi^ical evidence. 

(Activity #4. 5, 6. 7. 8) 

2. Briefly di^cil<^ the on^^tn of food chains and their chan^^es through ^colo^ic time. 

' lActivjty #4) , , • ^ / 

♦ 3. Classify modern area I, marine and terrestrial envirofimetjts. > ' V 

(Activity^ ^1. 4. 5. 6) " 

* 4. He able ti^ construct a cross section from the beach to an oceanic deep and label the following en- 

vnornfients: littoral, fieri tn\ bathyal abyssal and hadal. t 

(Activity 2. 4, 5. 6) . • . . 

* 5. Deduce the knui ^ainfn'nt that /s available from a Source area ^ivcfi its rock- type,, climaic and 



(Activity ^3) 

* 6 He ab!e identify and di^iit>^ the sis^nificance of each of the followtni^ primary structures 

- pross-stratification — sole markings 
-^^---^^Vipple marks — graded bedding 

— mud cracks 



(Activity ^1) 
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References^ 

1, Anstey & Chase, 1974, Environments Through T/me/C(iapters 1,'2, 5, 6, 7, 8, 9, 12, 13, 17.' 

< ■ • * ■ ' I / 

2. Brice, J.C.. and Levin, H.L., 1969. Laboratory Studies in Earth History, Chapters, 4,^ 5. and 7. 

Activities and Investigations 

1. Read and complete the exercises in Chapter 8, p/68 of Environments Through^ Time. 

2. Have stucjents investigate roundness and sorting as' on pp. ^-10 of Environments Through 
■"^ -Time^ '■ • 

3. Examine the origins of source materials, transport and depositionalahvironments as on pp.' 
11-19 of Environments Through Tlihe. 

4. Have students relate modern food webs to those existing ifl paleoecdsystema as discussed in 
. Chapter 3 of Environments Through Time. 

• ^ . " . ' . /• " ' 

5. Have students practise inferences from outcrops using <he exercises in Chapter 4 of 

Laboratory Studies In Earth History. 



aring if possible) and havte 



6. Select local outcrops (fbssij bearing if possible) and havfe students.* prepare an inferred^- 
history of the formation. ' 

7. Have students examine methods of inferring time se(!|'uences as in Chapter 5 of. Lal^ioratbry 
Studfes In Earth History. 

,/ . ^ . ' • ■ . . — 

8. " Have students prepare sample time sequences as .problems for eacji other ; 

INTERPRETING THE GEOLOGIC ftECORD ,r 

Much of the interpretation and analysis of geologic history is based on a knowledge of sedimentary 
features and environments. Interpretation and. analyses ^ire higher order skills which few studqnts- 
are given an opportunity to exercise. This section provides students with opportunities to apply 
knowledge of fossils, sedimentary features and other geologic structures in th|e mterpretation and 
analysis of the geologic record. 

LEARNING OUTCOMES 

Part I — Correlation 

The student should be able to: 

★ 1. Dcscrihc'thc different divisions of the ;^ealo^ic time tables and state in order of oldest to youngest thrdif- 
fcrcnt eras, periods and 'in the case of the Qetiozojc Era, the epochs'.^ . 



(Activity 2145) 

2 Interpret local i^eolo^^ic history usin^ 'facts if j^iven a, ideologic map and cross-section. 



(Activity #2. 3. 6, 15, 17. 19, 20. 21. 24. 25, 26. 2t. 28. 29. 30. 31. 32, 33. 34. 37) 
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★ 3. DUcuss thfe kind of^^dimejti, and hptce, the^kind of rock that will result in each of the following 
. - sedimentary tnvirinntmts: , . ' ^ 

• . • • • 

• — Marine: Nerltic or , shallow (water depth lea^ than 180 metres) , 

Bathyal or deep (water depth .bgj:W^en 180 and 4 000 metres) 

■ -"■ ''V ■ '<}r\y 

r —Transitional: Deltdio^ . • - • 

' ; Lagoonal ' ' , ^ . > 

Littoral (submerged at . high tidp/ and emerging at low tic^); 

— Nonmarine: . Desert - 
Fluvial (river, ftobdplain, piedjnont) 
Swamp 
• . .Lgke 



/ (Activity #3, 4. 5, ff, 9, -10; 11, 12, 13, f4, IS. 16, 17,.39, 43, 44) 

4. Describe a time- rock unit, giving the advantq^eis of this tyfe' of mapping* 



(Activity #1, 2, 7, 8, 19, 20, 21, 22, 35/37, 45) 
5. State what is meant by "geologic correlation": • 



(Activity #1, 2, 5, 7i 9, 20, 21, 22, 37, 45) 
*.*6. Given three atratigraphic sections, correlate them. 



(Activity #7. B, ,20, 21, 22, 34) 



' ' ★ 7. Describe what is meant by guide (index) fossils and state the characteristics of a fossil that wduld.make 
a good index fossil. 



, (Activity #46) . ' 

•8 Make a sketch of otic guide fossil for each of the geologic periods or be able to identify than, from a 
drawing or slide. " 



IV . Lpng. 1974, Geology, Chapter 8 — Life and Time (pp. 196-225)^ll|iap^^^^ 5 — Recycled 
^ ffdcks (pp. 100-129). Chapter 13 — Depositional Systems (pp/378-4||i. ' 

2/ QiMuly. James, et al., 1975. Prmc/p/es of Geology. Chapter-6h— Fossils, Strata and Time (pp. 74- 
. 88). Chapter 17 — Sedimentary Rocks as Historicai febcumehts., 

.i:rStokes, W.L., 1973, Essentials in Earth History. Chapter 2 — Time and Its Measurement (pp. 12- 
, V 33)., Chapter 4 — Layered Rock's and the Law of Superposition ^(fSp. 58-83). Chapter 5 — 
•i,. FossMs ancUthe Succession of Life on Earth' (pp. 84-117). j^hapter 6 — Organizing and 
Correlating the Record (pp. 118-149). 

4V AQI. Investigating the Earth, 197;3. Chapter 16 — The Record iin the Rocks (pj). 343-364). Chap- 
ter 17 — Life. Present. Past and Future (pp. 365-382). Chapter 18 — Development of a Con- 
tinent (pp. 395-412). , ' 

h:'^ AGI, Investigating the Earth — Teacher's Guide, ^973. Part '2, Chapter 16 — The Record in the 
) Rocks (pp. 178-1.92); Chapter 17 — Life; Present, Past ani4Kut)^;{pp. 193T206);Phapter 18 
Development of a Continent (pp. 20:^^217). -^i^'" 41 » * ' 

'^.^ ISCS, Crusty Problerns.'^el^i^Qher's Edition. Chapter 3 — The Midlands, A Pathway ^o the Sea 

. V* (pPvioi-i70);-:-. .. ^v■•v^^^ - . 

;^^7^ Continents .Arfrr/f/ ^Readings from Scientific America. Pap$r 12 — Continental Driff and 
W Evolution (pp. aj4-123), ; ' : i ■ . ■ 

8. The Opejv IhYiveristy, 1971 , Earth History I artrf i/- (Units 26 and 27). t/nit 26)l — The Pre$enl.ts 
• *V the Key tpf^he Past (pp:9-16. Unit 26.2 — Interpreting the Rock Record (pp. 17-23).;Unit — Ap- 
. • .\ pendix 2fThe Stratigraphia Column) and Appendix 3 (The Coastal Environm^ 25-36. 

9. Hamblin, W.K., and Howard, J.D., ^975, tiercises in Physical Geology. Chapter 4 — SedTi?\entary 
Rocks (pp. 36-50). Table 5 — Classifki^idn qf Sedimentary Rqcks/(pp. 41-52). . .. 

10. Brice,^^.C., and Levin, H.L., 1969, Laboratory St\idies in EariH History. Chapter 1 — The Natural 
History of Sand (pp. 1-14). Chapter 2 — Sedimentary Rocks Under the Microscope (pp. 15-22). 
Chapter 3 — Sedimentary Rocks in Hand Specimen (pp. .23-28). Ctiapter^B — Inferences from 
Geologic Maps (pp. 65-74). Chapter 5 — Time Sequenoa' of Events (pp. 49-65) and Chapt^jr 7 
Fossils and their Living Relatives (pp. 75-132). «>^* ^ 

' .''U/ 

11. AGI, Geology and Earth Sciences Sourcebook. CJjapter 14 — Sedimentation and stratigraphy (pp. 
323-362). 



12. liGeological Survey of Canada, 1970, Geology and Economic Minerals ql^Gmada. Chapter Vlll — 

Geology of Western 0afnada (pp. 365-488). ^^-^r^ ei ■ 

13. Janes, J.R.. 1976. Geology and the Neiv Global Tectonics. Ghjaptftr^'ll —'time and the Fossil 
Record. ' ^/ ''y- ,r 
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Activiti«a and Invattlgatlons 

1 lijvestigating the Geologic Time Scale. (Investigation 15-8), Investigating the Earth, pp. 335- • 
337. The student is "given a list of events along with the>ages of each event in years before - 
' fJrWent. The student must decide how to represen4 these in a time-ordered sequence. A roll 
ot paper tape is provided on .which he plots a graphical model. The inclusion of events that 
can be related to local or British Columbia geology makes the investigation more interesting. 
Thfe student stiou Id devote some time to thinking about the graphic representation of the 
v^stness of geologic time as well as to tlje mechanical preparation of the model. In- 
viistlgatlng the Earth, Teacfher's Guide, Investigation 15-8. ,p^' 173. , " 

2. Introduce the Law of Superposition and* the Law of Cross-Cutting Relationships so that the 
student understands the two principle methods of determining the relative ages of rock units. 
Investigate how earth scientists determine the relative ages of a rock seejuefice suq|i as that 
Shown in Figure. 15-8, Investigating the Earth, p. 173. Then examine a simplified V,*sion of 
how earth scientists calibrate the time scale using data such as that provided on pp.' 336-339 
of investigating 'the Earth, applying it -to the rpck sequertciS shown in Figure 15-8, The In- 
terpretation of this'rock section is given on Qp. 174-175, inveitigating the Earth, Teadhers 
- V Guide.^ . ; ; V - ' 

3 Investigating the origin of a sedimentary rock. Students should carefully study pp. 344-351 of 
Investigating the Earth. This -unit should not be attempted until the student can identify the 
texture, t^ineralogy, and prin/arV structures seen in sedimentary rocks. If field investigations 
of these features cannot "be Conducted, hand specimens, slides,'and/or filmstrips of sedimen- 
tary rocks and structures shciuld be studied. Answer the questions related to Figs. 16-1 to Fig. 
16-9 Inclusive, pp. 344-351 /in Investigating the Earth. A useful guide for discussions about 
the Interpretation of these figures is provided in investigating th6 Earth, Teacher's Guide, pp. 
178-188. iVie dominant them& of this Investigation is that the structure, texture, and com- 

■ , position of,, rocks reflect their, orrgin and history. 

4 Place a small tray ot wet mud beside a radiator or in a sunny window for several days. 
Examine the c'racks that form on the surface. Imagine similar cracks on a mud layer that has 
been changed to rock. How could you use these craoks to recognize the top of the layer? 

5 Investigating an ancient stream channel. (Investigation 16-4, Investigating the Earth, pp. 351- 
353 The data for investigating an ancient stre&m"char)nel is illustrated in Figure 18-13, The 
map stiows the locations at which the thicknesses of the rocks beneath the surface have 
been measured by means of drillholes. Small arrows represent the direction Of the current in- 
dicated by cross-beds and ripple marks. By.placing a piece of tracing paper over the rnap 
and using a apft pencil .the student can draw the shape of the ancient stream channel. An- 
swer the questions posed on pp. 352,-353, Investigating the Earth. Set out samples or slides of 
cross-bedding and ripple marks for display, the investigation can be made fViiich more 
meaningful if students.visit, local gravel pits and gather data on thickness, direction ,of oross 
stratification and current rippid marks so as to Interpret the origin of a local sedimentary unit. 
A completed. majJ is given in Guide Figure, 16-1 of Investigating the Earth, Teacher's Guide, 
p. 181. • 

6 investigate thfe' texture and mineral content of local sedimentary rocks. The size'of the 
sedimentary grains is a clue to the velocity of the depositing current. The shape of the 
sedimentary particles also indicates something about the length of time, source-rocks, and 
distance the particles have traveled. Some kinds ot minerals that occur in sediments indicate 
something about the Ideation .'of the area and the type of source rock from which the 
sediment was derived. For example, it garnet grains are observed In a sandstone the source- 
rock was probably a hi^h grade ruetamorphic terrain that must have been exposed prior to 
the deposition ot the gr^ns in the sandstone. Provide samples of sedimentary rocks, as well 
as a tew samples bt the sW rocks that have been pulverized so that t]>ey can be studied un- 
der a binopular or petrogra^ic microscope, Such rocks as conglomerate and sedimentary 
breccias p'rovide interesting case studies of dittering geologic history: 
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7. Place a series of numbered boxes containing fragments of rocks and fossils or models of 
fossils in different parts of the classroom. Allow a limited amount of time in which to sti/dy 
and describe the contents of each box. Students record their observations in a notebook. 
Which of the boxes can be grouped together and vyhy? This is a good Introductory exercise 

^ in rock unit correlation (Investigation 16-6, Investigating the Earth, pp. 355-357). The major 
idda illustrated by the investigation is that recon$truction of earth history from the record in 
the rocks is dependent on accurate correlation of rock units from one area to another area. 

8. Study unit 16-7 in Investlgathig the lEarth (pp. 357-359). It attempts to present the principles of 
rock unit correlation. An example of a problem in correlation is shown in Figure 16^15 (p. 
353). Students should be able to answer the questions posed about the Figure on p. 355. 

9. Study Chapter 1 (The Natural History of Sand) in Laboratory Studies In Earth History. Collect 
a few large pebbles arid. determine (1) dimension, in mm (2) roundness class and (3) Com- 
position. Pebbles can become rounded in only a few miles of transport along a stream chan- 
nel Compare and make sketches of pebbles in plan view from a beach, and a river deposit. 

. Account for any differences in shape, if possible. > • 

10. Observe and measure the properties of a mature sand, an immature sand and a carbonate 
sand. Examples of these, sands are illustrated in Chapter 1 (The Natural History of Sand) in 

' Laboratory Studies In Earth History. The basis for*determmlng the degree of maturity in a 
sand is (1) sorting, (2) rounding and (3) mineral and/or rock composition. CQllect several 
beach sands from the British Columbia coastline and compare them to sands from other 
areas and errvironments. The procedure for.^observation of sand under ttie microscope is 
given in Table 1-2, p.5 of Laboratory Studies In Earth History. 

11 . The more sophisticated and math oriented student may wish to pursue ^he gfain size analysis = - 
of sedimentary materials on p 6-9 of Laboratory Studies In Earth History. 



if 



. ,12. The procedure for sj^ze-analysis based on fall velocity is presented on p. 10-14 of Laboratory 
Studies In Earth History. 4 I 

13. Investigate a peel or thin section of carbonate rock and sandstone. If thin sectiohs of sand- 
/ ^ stone are used, provision should be made for viewing theSe between crossed polarizers. For 

non pplarizing microscopes, two polarizing films mounted in 35 mm slidie binders can be 
>used: one of thesens placed over the light ^ource and the other'over thfe thin section. Tex- 
^ "tyres of carbonate rock apd sandstones as seen in thin section under the microscope ar^ 
Vhdwn on p. '16 of Laboiratory Studies in Earth HIstory-.^Types of contact? between grains in 
sandstone are illustrated in Figure^'2'^ .(p. 16). Us^e the guides tor obseo/atio^h of (Jarbonate 
* rocks and sandstones under the microscope for compilation oftthe data ("p, 19 and 2r, 

Latioratory Studies In Earth History). Procedure forMTikking a peel oAa prepared rock surface . 
^ is gl^en on p. 22 of LSEH (Laboratory Stijdies Ht Earth History). V ' .v.r 

14. Review identification of sedimentary rock> in hand Specimen before continuing activities 15-^ 
30. A useful study section 'is presented In Chapter 3 (Sedimentary Rocks in Hand Specimen) 
of LSEH. 

15., The method af multiple working hypotheses. is the basis for interpreting e'arth history from 
evidence such as the properties of sedimentary rocks and from premises such as the "law" of 
superposition. Answer \he questions on pr 30 of LSEH. 

t • ■ 

16. Investigate the inferences that can be made from pclnWiry sedimentary structures. A primary 
sedimentary structure is formed during deposition of sediment, in contrast with secondary 
structural features such as folds and faults. The most important .primary structures are (1). 
bedding (2) bedding plane markings (inorganic); ripple marks, mud cracks^ scour marks &nd 
load casts and (3) structures of organic origin such as reefs, structures of algae, tracks, 
burrrows ahd plant Impressions. Study a classroom display of these features or a fllmstrip until 
th^can b^ recognized easily in the field. Visit a local outcrop and report on the types of 
sedimentary structures obsferv6d and photograph them for use in an oral report to the class 
op the interpretation of the environment of deposition (LSEH. pp. ,31-34). 
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17. . Investigate the types of sedirrjentary environments and summarize the properties^pffjsedimen-^ 
tary materials from^Whlch inferences are. madf. (pp. 35-36, L8EH)./ • *: 

18/ Investigate the association of beds found in your local area. (pp. 37^). Study a ge^(oii^^:%^ 
report' of your local arpa and' report, on the thicl^ness and areaf diatrlbutipn -.-pt- tfie>^j|i'^ 
associations of rock types found there. Determind which sedimentary envJronYnents are 't 
represented and infer thfi tectonic settings in which the sediments wer^ depMlled. (Study 
Figure 4H6'on p. 38 of LSEH). . '■*'^!^ 

19. If It is impossible to study the local r6cl<s in {he field a very useful Set of photographs Md 
problems is presented in Chapter^^<lnferences from Outcrops) 'on pp. 39-48^1 Lebdritbiry 
8tiidiMln eirth Hlstonf';(LSEH). Study the photographs and answer/the que^tiens in your 

.notebOfjkv . '--y ^» ^ . : ' . , ■ 

20. Episodes in the geologic history of a locality dan be inferred from the sti^Qta at a single out- 
crop but a full reconstruction of earth hfstory requires that the strata be studied throughout 
their areal extent. Eventually, one must relate the rocl^ sect-ion swrt at one locality to those 
seen at other places in the area^ This involves the procedure of correlation. Correlation la 
defined as the dernonstration of the equivalence of either rock uni^s or tirgfef/PQK units. Study 
Chapter 5 (Time Sequence of.EVeKts) in LSEH. Answer the questioniJBIl' pp. 51-56.' 

21 . ' Investigate the.spatial relations of rock units so as to be able to relate the sequence of events 

in earth history. Study the section entitled *'Time Sequence from Spacial Relation" in Chapter 
'5, p. 56 of LSEH. Answer the questions on pp. 57-58 in LSEH. 

22. Investigate the significancis of xinconformities and determine the.nurnber and type represen- 
ted in the local rock column. An unconformity is defined as* a buried erosipn surface tl^at 
represents a break of significant duration in the geologic record.' Answe^fthe-questlons per- 
taining to unconformities On 'pp. -59-61' ot LSEH. '"^ 

23. Investigate the cla^siqal concept of mountair>buHdlng>1j||R|^ated;b^ pp, 62-^3 of L^EH. Tec- v 
^ tonic settihg^ do^npt risijjain constant thrdi^gb time; TH6 jlp^a ih which you live has, no doubt, 

V gpne through several major changes^n its l^ctQnlc.i^^ during the last 500. million years. 
-'Hy^ the sequence of efvents duHng the geologic history of the Phaner'orolc Eon for 

*' the rejgion of B/itish ColurrTlDia in which ypu live. |s it possible to make block diagrams depic- 
ting each'major tectonic setting? What stage of mountain building, if any^ is represented by 
/ the present tectonic setting of the ^irea/in which you live, ' . \ 

24. lrivestigaCl'6 the meaning of a gefologic map. A geologic map shows the distribution of ropk \ 
,fprmati6ris, faults; and other structural features as they are'exposed at the surface of the 
earth. It 'is a scale model of the rx>ck b6dies*of the crust and a fundamental tool for analy2in§^ 
.andjriterpreting geologic data. Study' Chapter 16 (Geologic Maps) ir\ Exercises. In>hyeical 
Geology and be able^to recognize thfe isymbols used on geologic frtapa (p. tl8-bf EPG)^..; 

25. ^^terprretl?|j? Qtitcrop patterns of (1) horizontal strata, (2) Inclined strata,' (^Idornes, (4) b$isins, . 

(5) plunging^folds. (6)^angular unconformities, faults, intrusives, stf^ke-slip fatflt9,.and (7) sur- , 
ficial deposfe.' Answer the questions on pp. 120-129 of Exercieei in.PliysiceJ Geology. 

26. The interpretatioa of geologic maps in many parts of British Cojumbia is a difficult procedure 
for gradd i2 stpde^ots. A good map to begin with is the geologic map of Michigan (pp. 134- 
135, EPGV wheife- the geology is relatively simple. Answer the questions on p. 134.. 

. ' , i, ■ ' ■ 

27. A somewhat more pomplicated. map of a fold mountain belt in which rhajor thrust faults cut 
^ the section is illustrated by the geologic map of TVIount Elsenhower, Alberta (pp. 140-141, 

EPG). Answer the questions on p. 140. 

b ■ 

2g.. Investigate the outcrop pattern of folds, both plunging and non-plunging. Answer the 
. questions on p. 66 of Laboratory Studies in Earth History (LSEH); , ' \^ 
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29. .' Many parts of British Columbia are broken by faults. Investigate the different kinda'pf faullis ^ 

shown on p. 67 of lSEH. Answer the questions on p. 67 of Laboratory Studloa In fiprth 
Hiatory* Sfudy a (V)ap of your locai area arvd det^rmine if any faults are present. What typis iaire 
they? If possible* take a field trip into a faulted area and investigate the' evidence for^faulting 
. > afMirst hand. ^ * , " 

30. One of the most importanji activities that-'students can be involved in is the interpretation of 
geologic maps by construction of structure cross-sections, the step-by-step pmcedure 

'followed for construction of geology structure sections is j^'scussed on pp. d8-69 of 
Laboratory Studies In Earth HIsto.lry.' Make a structure cross-section of the northern part of 
the Black Hills (Figure 6-6 of LSEH). 

31. Select a geologic n^pof.some part of Canada and attempt to construct a geoiogid structiJrd 
sefttion. The map should show dip and strike symbols to be useful for this exercise. Trie ver- * 
tical' exaggeration should be as little as possible. ^ 

32. Investigate the interpretation of structure sections from outcrop data. C6mplete the block 
diagrams shown on p. 70 of LSEH. 

■ . ■ • --i ^ ' * ■ ^ 

33. The basementjocks otsjpost of eastern Canada are of Precambrian age. These rocks un- 
derlie abouttwo million square miles of the Canadian Shield Investigate Precambrian history 

> of Kidrth'America. (Chapter 9. V\ Study of Precambrian.Geology in Laboratory Studies of Earth 
History.) 

34. Investigate the geologic provinces or tectonic regions of British Columbiia. Make a map 
showing the^poundaries of each region. Summarize the characteristics of each ,tectonic 
province. Corisult the chapter on the Cordilleran Region in Qeology and Eponomic Mineral's 
of Canada. Study the generalized information in Chapter 8 of Laboratory Studies In Earth 
History, pp. 133-142. ^ • ^ ^ 

35. Investigating the history of a model. (Investigation 16-8, pp. 359-360, Investigating the Earth,) 
If* you examine a rock outcrop carefully, you will find that you can piece together the 
sequence of events that formed the outcrop. In this investigation several members of the 

. ^ class make geological models of various areas out of some modeling material. T|iey keep a 
list showing the exact sequence of the steps that they took to make the models.^ Once the 
models have been completed, other students in the -cla^s are asked to examine them and 
determine the sequence of steps necessary to constmcl thei models. The teacher should be 
' ready to suggest gefologic features that a student can display in his model of bedrock. This 
investigatipn perinits the student to make and interpret some three-dimensional models 
showing various bedrock geologic features (p..211, Investigating the Earth, Teacher'? Guide. 

36!oi;>|l^^s^l^ how rock^. /eveal ancient 'climates. (Investigation 16-9, pp. 360-362 In- 
" ' v^lwlwlb^^ Earttf.) Rocks contain evidomce that climates have changed radicaNy during 

• ''lihf^ ciebtb^^ 18-17 for homework. Then use it as the basis for a 

cJas^ disGu;^$iG^t%^he*^studen c^n make al logical interpretation of the geologic history 
* ' represented irt thesd*4;rdss^sections,'he wilLbe developing the interpretive skills at which the 
course is aimmg. Se^ arso the questions that pertain Jo Figure 16-9 showing the climatic 
' :-r zones in North.and Central America aDd how they have changed since early Cenbz<5T^time 

(Investigating the Earth, pp. 361-362)1 , ' ( " 

• • r ' '*" '* 

37. Investigating the growth of the North American continent. (Figure 18-9, Invf^iMgatlng the 
Earth, p. 401 .) The way the dates are grouped in the three stages of growth sKown indicates 
■ that parts of;f?lprth America may have been added to the c'optinent at different times in ttie 
past. Growth 'may have taken place at the edge of the confinent. Suggest how . this da^a may 
be related to plate tectonic theory. 
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38. Investigating Prjecambrian rocks near Blind River, Ontario (north shore of Lake Huron). (In- 
vestigation 18-2, invMtlgatlnjti the Earth, pp. 396-399.) Study Fijjure 18-1, p. 396. It^shows a 
series of cross-SQptions thdt represent Precambrian rocks found along the north shore of 
LakeHuron near Blind River, Qntario' List the rocks shown in each cf .these cross-s€|ctlons in 
the Srdiar in which they formed. The teacher provides the. students with a list of radibactively 
determined ages of some Vocks shown in the cross-sections. Does the sequence indicated by 
these ages agree with the order worked out bV the student from the cross-sections? Why or 
why not? This investigation is important because Precambrian rOcks represent the oldest on . 
the North American continent, and a study^of North America's development begins with them. 
(Investigation 1fl-2, Investigating: the Eailh, pp. 208-209 of the Teacher'9 Guide. 

39. Investigating the Great Ice Age, Study Pigure, 18-13 on p. 445, Investigating the Earth. On a 

sketch ma|>. pf Nort^ America shovy the position of the three major centres of ice ac- 
• -cumulatiort and indicate the ^naxfrnum advance of the four great ice sheets over the con- 
•. / . tinent.- . .. ■ •' . / ' -)■■ •• " . / y 9 

40. Investigating ttie Ice Age.pMzzle. (Invtotig^tion 18-8, Investigating .tbs^arth, pp. 410-411.) In 
this investigation the stwitent examines an area that was formerly cpv.er^d^by part ot a.con- 
tinental ice sheet. Ac^oss the map are numbers indicating csrt&in staf)brisf6rrt^l^e lancl^ape. 
Information is given for each station. Using a scme;ptoVthe eievatiort of each station on 

- grapK paper. Connect the elevation points tb rriake'a" topographic profile. Plot on the profile 
,the mformatlon from the dat^table. Make a cross-section using different colours for symbols 
or rock and glacial depositsT*Note two kinds of ti^l ara present. Answer the questions on p. 
411. In summary, the investigation teaches the student to use^the evidence left-'by glacierp tO^ 
reconstruct the events thafshaped ihe landscape. (Investigating the Earth, Teacher^s Guide, 
pp. 211-212 ) • • 

41. Investigate the kind of topography that develops on the snout'of b stagnating ice shefet. This 
type of topography is common between Aldergrove and Abbotsfofd in thre Fraser Valley. To 

■ illustrate how the melting of buried Ice blocks can produce an Irteg.ujaj surface on glaciaL 
deposits, have the studen^t tr^^the following at home; Fill a pan with SarlaV d'''^. 3^®P!^ of 
aboutvIO cm. B^ury several ice cubes ih tTie sand, ar^ipoth the siirfac^r^hd lej^-'ptand ovem 
Observe the results before leaving for school in the morning and be prepared to d>scuss 
them. The student 94iould'hav6 no difficulty relating the rough surface produced oa the sand 
to the rough surfaces found on some glacial deposits. This type of topography onl/de.vetops. 
during the waning stages of glaciation and is termed knob and kettl6 topography. 

42. Investigate- the effects of Isostatic rebound on the north shore of Vancouver, British Ogluny 
bia. Although glacial ice- Is of much lower density (about 0.89 g/cmT than, bedrock of^^- 
tinents (about 2.7 g/cfn') the great mass of the accumulated ice. in glacier9^|^as been suf- 

^ ficient in the past to depress the crust. In some Instances, old beaches and other coastal 
features such as marine deltas were created during high-water stages or when theJand .was 
depressed immediately/following deglac^iatlon. Several large and nearly flat gravel deposits 
along Capilano River and Lynn Canyon were deposited when the land was much lower. How 
much lower? Study topographic m^ps of the North Shore ar>j5j determine the highest elevation, 
of gravel deposits below the canyons of the Capilano and L'^nn Creek. Examine, other effects 
of isostatic rebound m the Hudson Bay region and the Baltic area of northern Europe. 

43. Activities^'and investigations about earth history beginning with Activity No. 43 are based on 
Science Foundation Course Units 26 and 27 from The Open UnlverBlty (Earth History I and II). 
Students participating in these activijies are not expected to h9ve much factual recall of the 
material presented. Students will, however, enjoy studying these concepts and, whilst doing 
so. will gain some insight into the methods by which Earth history has been and is being 
deciphered. Explain the principle of umformitananism and show at least one example of a 

'geologic process that is operating near your school. 
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44. Investigate British Columbia's coastal envira^frent. By teajnitSg silmething iaoout the kinds ot 
sediments and processes operating alon.cj: the British Ct)lumbja coast, the student should be 
able to recognize ancient 'coastal environments ia^' the geologic record. A list of 
measurements that can be carried out in a beach envirpn^nient is provided on p. 11, TOU (Unit 
26). ; • 

45. Investigate the energy of a modern environment. Any,^fature of sediments and their fauna 
and flora can be related to what is Called energy of^environment. For example, high energy 
conditions are .Characterized by the surf zone, where wa;^es are constantly breaking and 
producing turbulent curreni^^ of extfremqly , high velocity. In contrast to this, low energy con- 
ditions exist in sheltered marsh areas,, which are seldom affected to any degree by tidal 
currer>ts. or by wind-driven water currertfs. Investigate a salt marsh, collecting samples of its 
sediment, flora and fauna. Compare and contrast this environment to a rocky headland oj 
inledsuch as exist in many plapes along Howe Sound, the Sunshine Coast, or Vancouver 
Islaffd. Take photograph^s.^ecord changes related to seasonal conditions and measure water 
conditions and internal artd external structures in the sediments such as cross-bedding and 

- r.jpple pnarks. 

46. Investigate'^the origins of the straligraphic time terms. Study Table 1 on p. 17 of TOU (Unit 

26) 



Part n — ' Lay«r«d Rocks and the Law of Superposltron ? 

The yitudent should be able to: ^ 

* 1. State and be able to apply the Law of Superposition. 



(Activity #2, 6, 12. 15: See also Part I, Activity #1, 2. 7, 15. 35) 

* 2. State and recognize methods that ca^i be used to determine the top and the bottom of sedimentary layers. 

(Activity #6. 9. 10, 11, 14, 15; See also Part I, #tivity #3, 4, 7. 16, 19, 35) 

* 3. Determine the relative fl^cs of several formations. 



(Activity #12, 13, 14, 16; See also Part II, Activity #2, 7, 15, 16, 19, 20, 22) 
4: State examples where the Law. of Superposition will^j^t work, j 

(Activity #13) «> • 

* 5. 'Define the terms — strata, bed, ffirmation, unconformity, contact. 

(Activity #6.^ 7. 12. 13. 14. 15; See also Part I. Activity #3. 7, 19) 

* 6. hiterpret the lustory of sednncnthry rock strata, usni^ texture, mnieralo^y, sortins^, bedding, and primary 

structures such as npplc murks and mud cracks as ^tades. 

(Activity #3, 4, 5, 9, 10, 11, 17; See also Part I, Activity #3, 4. 5, 6, 9, 10, 11, l2, 13, 14, 16,.iy, 
19) 

^ ^. " .-■ ■ 

* 7. Dftermmc the "up ' directum atui list in order (oldest ftrsf) the a^f - roiks shoivn in a series .of 

sketches or slides 



(Activity #9, 10. 11. 14. 15. -16; See also Part I. Activity #fi^; 19) 
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Activities and Investigations 



1. 



/ 



10 



1 1 



investigate the origin of three types of sedimentary rock:. (1) a conglomerate. (2) a 
fossiliferous limestone and (3) a 5f?iale bearing plant fossils. Describe the features of these 
soecimens. What is the probable origin of each rock';^ 



2. Show a slide of dipping ijedimentary rocks. Imagine yourself standing in front of this rock' 
outcrop somewhef'e in British Columbia. Describe what you see. In order to tell a story sq j^at • 
'it makes sense, you must start at the beginning. Where does the story begin in a pile-of 
. layered^ocks. at the top or at the-bottom';^ Are the layers horizontal or tilted? What does this 
mean about the history of the rocks in this outcrop'^ 

3 Show a close-up of the sedimentary rock so that the bedding is clearly indicated, a channel 
sandstone showing stream-type cross-bedding would be a useful slide. Suppose you go up to 
this outcrop and examine it closely You discover that it looks like this slide. If you examine 
the rock even more closely you will see the texture (show a slide of higher magnification of a 
coarse grained sandstone in which the grams are clearly visible). How do the beds become 
layered'^ Why are the beds inclined'^ How do the fragments that make up this rock seem to fit 
together'^ What does this kin^l of lextLjre indicate about ^he origin of the rock';^ (em^^hasize^^^ 
the importance of enerqy and currents in .in> sedimentary environment.) 

4. Compar^tie settling of sedimentary particles in water in which there is no current (A) and 
water thMb in motion (B.C. and.D). Use a stre^ • ' \Dle. (Investigating the Earth, The Record 

, • -in the Rocks (Chapter 18, pp 392--393). 

5 Provide an illustration of a typical sedimentary sequence in a delta in which'Athe sediments 
grade from gravel to sand to clay Note A single layer of sediment that covers several square 
kilometres may also vary in appearance from one place to another. HowH:an you explain the 
variation in grain size from gravel to clay away from the source^ Use a strq.am table tQ 
demonstrate |iaw size ^sortir^q occurs^ * ' V .-^ 'y 

6 Not all layered rocks are sedimentary. Investigate a thick pile of Java such as is comrnon in 
the Interior of British Columbia or^ on the Columbia Plateau (Use slides). Can you apply the 
Law of Superposition to these rocks'^' What differences in the rcJcks would h6lp you to 
distmguisn ^hese votr^anic layers from sediments deposited in water';' (Pass-ou.t samples.of 
basac 

of a V. 




o-gi- . i' . oiumns m cfolumnar, Desalt and use them to mdicate-the top and bottom 
)l(:anic flow ajsf^ a slirjP and qotie^M a column of basalt from either Mt Baker or aiong_ 
he SqurUTiish Hignvv iy near Mt Gar oaidi i 



Pass out sampl^-s ..)f voloann, r^oKS in which itie long crystals are oriented roughly parallel to 
the flg)w. What can ^hey tell yo.j abr^i.t the dtfection of flow in the lava'^ (Investigating the 
, Earth. TPif^ Roc org m th^^ Rocks (Chapter 16, pp 348-349.) 



9 Why are cnoss-Dcds arvi npple marKs t ri^ porta nt'^ lUse large di^ 



field tops to a local b^^ach 



studv these features) (InvestiJ 



ly specrmens 
ig the Earth, 



bhdes and 
p 350 

^ )Wing asymmetrical and symnnetrical ripple marks J n which dirat^ttQih.clid the 
use symmetVicat npple marks to tell "top" from bott6nt>nn a sedimentary 
rn the slide of symmetrical ripple marks'up^ide down <S^ecnonstrate with a 



Study slides 
current flow 
sequence ( 1 

large display specimen ; • . v 

Fossils in rock-s can also t)() usecrtc*) determine whether a layer is upside down Have you ever 
noticed the way e-larn shells come [o rest on a beach'^ Waves or currents usually tur^^-themA 
(jver so that'the holl'.)W or r f)nr:ave side is down Investigate the orientation of clam shells on \ 
• i ii.r al peach arvi rnakf^ a -stat>'.tical -.tii^l y ■ ttu^ n'iuohnr hirnnd over withm a 3 metre'square 
area ■ 
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12. Visit two areas where a sedimentary sequence is exposecl. Select areas where at least one 
-unit IS common to both sections. Measure'a section andVecord all of the properties ofveach 
rock unit. Determine the criteria -fhat you found most useful in making the correlate 



13. 



14. 



15. 



16. 



17. 



Use three colour^ of clay or make 'a "normal" sedimentary sequence in which the oldest-urtit 
is on the bottom. Now deform the section to make either an overturned fold or fault it in sufch 
a way a^fb repeat, the section (a "high angle reverse fault or overthrust^' fault will result nh a 
repeatecrsection). Discuss the problems of determining the correct sequence in highly defor- 
med areas 



r 



Visit a local outcrop and point out the following features: strata, bed, formation, unconformrty 
and contact Is the section right side up or upside down? What criteria did you use to deter- 
mine this? (Slides can also be used to'define these t^rms.) 

Visit a local outcrop and record the different types of sedimentary structures. Atiswer the 
following questions. Is the section right side up? Was the deposit laid'dowri in quiet water or 
running water? What evidence of current action did you find? What types of ripple marks are^ 
present? Examine the mineralogy with a hand lense. Where did the grains come from? 
(Quartz and feldspar are most likely derived originally from igneous rocks.) Can you^piyt 
together enough data to determine where the source of the sedimentary particles was? (Use 
mineralogy and cross-bedding ) ,x ■ - ' 

'Given several index fossils and hand specimens determine the following: the cprf'ect ages 
and hence the order m whtch the rocks were deposited? In what environmertfs' were the 
sediments deposited?- Do you -tiave af>y evidence of- unconformities in the- sequence? 
(Students' should be given .fossils that, when placed Ja the .correct order, indicate tjjat one , 
geologic period is not represented,) 

Study a coastal environment , in which two or more, of the following a/e"present:"-«3(lt j^ar^^^ ' 
s'ain'd bunes. storm beach, ^be^^ii agcj sand, p^bbfe beach, and swamp. PoinV'out>%§ft;': 
sediment is accumulating in all of these environments at the same time. Discuss what wp)|t^^..- 
happen if the sea covered tl^is area and laid down a blanket of sand and/or mud.-Vfi'.^ijj^^,- 
problems of environmental interpretation and correlation would be presented to fut|fe,f: 
generations' of geology students'^ The Open University. Appendix 3 (The Coastal 5r^^;: 
vironmentrpp 34-36 See also the coloured photos of various coastal environments on p. 49? 
(Plate A) of the same book (TOU, Earth History I and II, Units 26 and 27^ 
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LEARNING OUTCOMES i|NO SUGGESTED ACTIVITIES 

EconofHic G'dblogy 



^Resource Problems 



Teacher Resource Material is indicated by number in the parentheses following most Learning 
Outcomes. Details regarding references/ activities and investigations follow the respective sec- 
tions of the Geologx/ 12 course. (These are suggested activities only and may be used at the 
discretion of ^the 'teA^her.) 



'7d 



Our way of life is dependent on minerals, which are exhaustable and irreplaceable. Cities and 
civilizations have withered as their supplies of minerals have beqome depleted. 




1. Geological Survey of Canada, 1970, Geology and Economic Minerals of Canada, Economic Geology, 
Report No. 1. Chabter IX — Economic Minerals of Western Canada (pp. 489-546). 

2. Jaffes, J.R., 1976, Geology and the New Global Tectonics — An Introduction to Physical and 



Historical Geology 



Chapter 12 — Economic and Environmental Geology (pp. 369-418). 



3. Long, L.E., 1974, (Jfdr/egy, Chapter 15 — Dilemma (pp. 460«495). 

• ■•' ■ iV ^i- 

4. GIMuly, James, Waters, .A.C.,Q,and Woodford, A.O., 1974, Principles of Geology. Chapter 21 — 
Mineral Resources. 

5. Earth Science Curriculum Project (AGI), 1967, Investigating the Earth. Chapter 6 — Energy 
Flow (pp. 128-153). 

6. Hamblin\ W.K., and Howard, J.D., 1975, Exercises in Physical Geology. Chapter 20 — En- 
vironmental Geology (pp. 180-186) ^ ' 

7. Brice, J.C, and Levin, H.L., 1969, Laboratory Studies in Earth History, Chapter 9 — The 
Yellowknife Gold Disjrict, Northwest Territories (p 158). Chapter 11 — An Oklahoma Oil Field 
North of tha^rbuckies (p. 173). 



8. Press, Frank ai!\d:Siever, Raymond Readings from Scientific AmericanJPlanet Earth, 1974, 

Section II — /l^vironmental Cycl6«;}i^p. 35-120. 

^ 9. Skinner, B.J., 1976, Earth Resources, The Prentice-Hall Foundation of Earth Science Series,' 
1^51 p. 

10. Skinner, B.J., and Turekian, K.K., 1975, Man and the Ocean, The Prentice-Hall Foundation of 
Earth Science Steries; 1 49 -^p. 

11. Rau, J.L., 1976, Sources of free Materials for Canadian Earth Science Teachers and Students, 153 p. 
(Available from: Geological Associatioa of Canada Publications, Business and Eoooomic 
Service 6d,. Ill Peter Street, Toronto 1, Ontario. Includes many references to British Colum- 
bia mining literature and brochures) 



Actlvlttos and Inv^ttlgatlont ':{.h 

1. . Make a colleotiorl of ore minerals from western Canada by writing to various mining com- 
panies, /^dresses are available in a publication entitled Sources of Free Materials lor 
Canadian^ arth Science Teachers and Students/J.L. Rau. 1976. See supplementary reteren- 

2. Study the location of the Eastern and Western "Mineral Provinces in western Canada. 
, Although similarities in stratigraphy and structure persist in places for some distance across 

the border between these two.provinces and similar types oLiWieral depo$its are known in 
both, the differences betweemrthem are impressive. List the primary ore types available in 
both provinces and be able to..ib.haracteri2e Ihe'diffe?ences in the geology between these two 
regions. (Geology and Economic Minerals of Westernr Canada, pp. 491-521.) 

3. The eastern mineral province of western Canada contains desp^sits reflecting broad regiohSil 
warping and/or subsidence, simple deformation and only local metamorphism and plutonism. 
Important examples of the lead-zinc-silver deposits of this province are illustrated by Pine 
Point, Monarch and Kicking Horse and the Kootenay King mines. Select one of these mines 
and describe as simply as possible the following: (1) location ,bf the mine on a map o^^estern 
Canada, (2) the basic geology surrounding the mine, (3) the type of deposit In whioh the ore 
m^irvSfrals are found aflb (4) the kinds of ore minerals found in each. The keen student m^y 
wish to study the origin of these ore minerals and collect examples of each for a class 
display. (Geology and Economic Minerals pf Western Canada, pp. 494-497.) 

' .. ■ ' ■ ' ■ ■ " "/ > 

4. Invite an econornlc geqlbgist to visit your class and di§c'uss some aspect of geology, as it 
relates to minerardeposits in western Canada. Such requests should be directed to the B.lC. 
and Yukon Chamber of Mines. 840 West Hastings Street, Vancouver, B.C. V6C 1C8. 

5. ^ Complete the exercise entitled The Yellowknife Gold District, Northwest Territories 

(Laboratory Studies in Earth History, p. 158.) 

6. Complete the exercise entitled An Oklahoma Oil Field North of the Arbuckles (taboratory 
Studies in Earth History, p. .173), ' ^ 

7. Complete the exercises on environmental geology in the laboratory manual. (Exercises 
Physical Geology, pp. 180-186 ) 

8. Visit the B.C. Mining Museum at Britannia Beach and write a report on the history of mining 
in British Columbia or on methods of underground mining. Tours are arranged by writingjthe 
B.C. Mining Museum. Britannia Beach or by phoning 112-688t8735. 

9. Study the occurrence of sulphide mineralization in the outcrops surrounding the mine at 
Britannia Beach and collect examples of chalcopyrite, apatite, pyrite; pyrrhotite. Make an 
oral presentation to the class on the geology around and within the Britannia mine. 

ID. Set up a sluice in the laboratory and use pyrite to simulate gold. Write a brief report on the 
methods by which gold is extracted from pHacer deposits and discuss the methods by which 
^ placer deposits accumulate. ^^^^ 

^'1'^./^-^.emon9trate the proper technique for panning for gold by using pyrite or chalcopyrite 't^ 
j,^ simulate gold. 

12. Use a hydrometer, or Jolly balance or any ordinary balance or 'scale to measure the specific 
gravity, of sorne ore minerals. Explain to the rest of the class the significance of specific 
gravity in the accumulation of placer deposits. 
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13. Demonstrate the use of an ordinary balance in measuring specific gravity. Even a fairly large. .(. 
• piece of rock may be studiecLby hanging the piece by a string to the scaje, taking the weight • 
in art, say 50 grams, then lowering ^t into a beaker of water and reading the weight, sayv30 ^ 
grams. These' two readings ar§ subtracted giving 20 grams, which divided into the fir^t 
.reading (50 ©rams) gives ^'S as the relative density of the sample/ . - 

■ . ■ * _ ; . i ' . ' ■ ' 

14.. D*ernonstrate the property of fusibility as a method of identifying certain ore minerals. The 
• ease with which minerals melt in a flame is designated by.ihe number 1 to 7. Typical minerals 
and^^their approximate fusion points are given b§^ow. \ 

' ■ ' - • ■ ' ■ -^^ ' • 

(1) Stibnite: fuses easily in the luminous flame, in a closed tube and in a match or 

candle flame; about 525°C. ' . ^ . 

. ^ • - 

(2) Chalcopyrite: fuses easily in -the blowpipe flame but with difficulty in the luminous 

flahne or closed tube; about 800 C. . • . 

(3) Almandite: - fuses easily^in the blowpipe iflame but is not fused in the' closed tube or 

luminous "flame. Finest splinters only rounded on the point in the gas 
' flame; .about 1050°C. ^ ./ ' 

(4) 'Actinolite: thin edges fuse easilyNn the blovi^pipe flame but larger masses are dif- 

ficult to fu^e; ^out 1200 C- 

^ toy " it ■ . • 

i;"^ (5t) Orthoclase: fuses on the edges with^difficulty, ih the blowpipe flame; larger masses^ ' 
f * ^are not fused, only rounded; -about ISOO'^C. 

. . ■ ■ . r - ; . ' ■ - ' - 

* (6) Enstatite: fused and rounded only on the thinnest edges and points of the smallest 

pieces; about 1400"C. - ^ 

(7) Quartz: infusible'even th"^ thinnest edges and points of small pieces; over 

1400 C. . 'f'-^ . - ^ 

T., 'i. n 

' - ■ w ■ " ^ , 

' ■' \ ' ' 

Note: In using this scale, the hottest or oxidizing flame is used and tl^e thinnest possible 
splinter' of ^the mineral is tested. Theso. should be held in the tip of t)ie forceps or- 
tweezers, so as to. conduct away as little heat as possible. If the sample dect-epitates 
so that splinters'can hot be used, it should be ground to a powder, mixed^with^ little 
water to form a paste, spread in a thin layer on charcoal and heated slowly then 
strongly until it forms a thin cohefemt 'mass that can be held in the forceps and tested 
in the oxidizing flame • 

. ■■ ' 

If a substano^ fuses easily in the blowpipe flame, but is infusible in the luminous 
flame or closed" tube, it is said to* have a fusibility of 3; if it is barely affected by the 
lumin'ous 'flame it has a fusibility of 2.5. 

15. Ultraviolet rays, also known as "black-light", haye found a very definite place in the mineral 
sciences during the past 30 years. UltVaviolet rays cause certain minerals to glow or release 
their own light — a phenomenon called fluorescence — and thi§ emission of "cold light" has 
proven of decided value in the detection and identification of many minerals and ores. 
Though there arelimitations in the use ^iultravioiet light, as only a few important economic 
minerals fluoresce, the simplicity and"eS:*pediency of this agent have demonstrated that a 
fluorescence testis essential in alt prospecting as well as in mining certain ores. Its greatest 
usefulness is in the identification of scheelite, zircon, willemite, mercury and petroleum, . 
Other minerals which may or may not fluoresce are agate, aragonite, barite, calcite, . 
chalcedony, fluorite. sph^erite and semi-opal. Try it out in the laboratory and then take the*^ 
"black-light" to a local beach at .night and see h^'ow many ore minerals can be found? 
Limestone terrains are favourable for this type of prospecting. 

• <• . ■ , \ • ' 
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the percentage of a given 'element in a compound car\ be determined in the following way. If, 
' f Of .instance, we wish to J^now the theoretical percenta^je of copfJer in ^halcopyrite we 
* proceed as foHpwSv,The chemical formula* is CuFe§2..which mean? that, their* is r atomic 
mass of copper, i of iron and 2 of sulfur in each molecule. '^'^fflWtofl^® table ot chemical 
element&^we find-tliat the atomic mass.of c^gper '^^^-^^'^ wH^HBp^^ sulfur 32.06.- 
Adding tH^se ttigeiher irt [he^proood^JMSieuiSi in tt]iJHiiildirwe>avei 

•I X 63.57 = 
. - 1 X 55:84 ^/ 55.84 

: 2 X 32.06 =' 64.12 ' 

Mass of mofec^l^ 183.53 

Dividing the mass of copper>by the.mass of the entire molecule and m^ultiplying the result by 
WQ get the percent of cojppe.r, th^uS: 63.57/183.53* = 0.3463 x 100% = 34.63% copper. 

Compute the percentage of metals in the following ore mmerals: 

HgS ^ . ' 

SnO, - ^' 

. FeAsS 

CaWO, ' ' . ' 

•"es, 

Fe-^O, ^ 

FeCr,0. ' . i * !l ■ ■ . ^ 



Galena 

Cinnabar 

Qassiterite 

Aresetiopyrite 

Scheelite 

Pyriti 

Hematite 

Chromite 



Some simple chemical tests for various gfements' should be performed by students interested 
in the mineralogy of ore minerals as well as tho'se inJerested in prospecting for orp rninerals. 



(1) 



(2) 



Sodium Carbonate Bead Test. Treat a speck of the minera^l in the soda bead on the 
platinur^loop with the oxidrzing flame. Effervescence indicates a sihcate; manganese 
will" col^lj^-^t gre'en; chromium colors it yellow. Crush the bead 
moisten with water. A darkening of the coin indicates* sulfide, 



on a silver c6irt and 
selenide or telluride. 



Ammonium Molybdate Test. Add 1 ml of the solution to a pnixture of 1 -ml o(arrir 
molybdate reagent and 1 ml of concentrated nitric acfd, and warm.. A yellowT^re 
indicates phosphate ^ arsenate. ^ ^ 'k 

Jhe^'^^^moriiurri molybdate reagent is made as follows: mix 10 ^ of tJ\oO^ wftm 
distilled water and 8 ml of concentrated NH40H.^When solution is complete, pou> 
with constant stirring into a mixture of 40 ml of concentrated HNO., and 60 mKof water 
Let stand in a warm place for several days. Decant or filter before using. Many dther sim- 
ple chemical tests are given in Identifidat-iof* and Qualitative Chemical Analysis of* 
Minerals, O.C. Smith, Van Nostrand Co. ' 
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Distinguish between renewable and nonrenewable resources. Make a list of each 4nd collect 
data on. the amounts of nonrenewable resources remaining Jn the world. 

. > ■ ^ • ■ . ' ^ \ ■ ' 

Many of the world's remaSViing resources are unevenly distributed. Empire^ have flotjrifshed 
repeatedly through history because *6f their control over rich and easily exploited mineral 
resources; but they withered with the same frequency as the riches expired. Consider one of 
the world's most important metals — chromium. What is it used for? Vyhere ^are chrome 
"deposits located? Some have speculated that thisWtal alone can change the future of the 
world because of its present location. Discuss implications of this metal with respect to \rs 
present location and its availability to the world'St super powers. Do the same for several 
other metals. • • " ' . 
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20.. A healthy, hard-workirig pergon tian produce just enougn en^gy to keep a lOO-watt li^t bulb 
- burning. Muscle power is. really very, puny. Our ancestor^ found it necessa^i^ to develop sup- 
pl€^men(ary Sources of energy. First animals, then "sails, wat^r wheeLsv t^tnd mflls*_steam and 
internal combustion eng[ines, and eventually mojiprs, Sup^lemer^ry energj^ how exceeds 
. muscle power and comes from coal, oil, and uranii3:rn. Reverting to riftifecle^oWer alone would" 
I Ipring chaos, Nature-Vvpuld quickly f educe the poputa'ti^n; Discuss o^e'' alternative to the 
present sources of >ene|fgy and discuss when jhls alti^rWativfe m'ight become an Important 
Sourcp of energy to the world. What ha^ to be*ctohe fi'rgl^?'*; 

2,1.. rStudy a growthrate of the Earth's human population. What -r^H^t^eai^t by "popg'i^^^ doubling 
time"? By what date will the present world population doiible ^agai'n?. 

22- De$pite the so-called green revolution and great advances in farming ,methods the 
population is increasing faster than food produclion. Even with great efforts to expand 
production from^^M sources, including the oceaps, it i^ inevjftble that the population must 
cease Rowing. The earth's theoretical carrying capacrfy is approximately 33 billion people 
tU.S. National Academy of Sciences). What is the present wqrld papulation and by what date 
will it reach 33 billion if present frfiwth ratj^Sv^onJjj 

23. Balance and Qpfitrol of population "will demandv'societal' responsibility b6yond any tl:fat 
mankind has ever attained. There is a strong elertrtent of personal choice'in all decisions 
regarding populations. Choice of life styles difter. How will individuals, individu/l countries, 
and regions decide w4:^aLtheir living standard? 'a\d fheir stable populations will' be? 




24. Discuss* the meainihg of OKponentiai growth rate 

25. Can exponenticLrgt^fwtlY bonjinue forever? Xorld consumption of 'mineral resources is still 
growing exponentially/oeographic. consumption of mineral resources is not uniform. Con- . 
sider tfie very uneven per capita consumption of aluminum. If the present fate ol consumption 

> ■ of this met^l in North Amerrqa and Europe continues the known reserves of this metal will not 
last^ong. Write an essay on the possible aJternatives to present metal consumption in North 
.♦America. / '* 

;26. Canada ancfNorwa.y 'supply 74% of the world's nickel. Wher^ is nickel mine<^ in Canada and 
what js it us6d/ for? 

27. Canada and South Africa supply 85% or the^wprld's, asbestos. Where is it mined in Canada 
and wh^t is it used for? Are there any environf^iental problems associsuted wj^th the develop- 
ment and processing- of asbestos? \ 

28.. Canada. Nigeria and Zaire supply 97%. of y^RJj^orld's tantalum.. What is it used for and-where 
is it mine(3 in Canada? y 

^29, '"^Sltrinam, Jamai-ca'and Australia supply 96% 'of the world's aluminum ore. What^ommon ' 
items in the .home. are madetJof aluminum. Can you suggest a met)aod by vyhich the demand 
for aluminum can be reducfed so as to. prolong the present reserves? " ^ ^ 

■ ' _" . * . ' - ' . ■ 

30^ Most mineral resources "are derived fro^m ttie crust; It is predominantly composed of minerals 
that are grystailine solids, with specif ic'and rather simple compositions. Any walk through the ^ 

^ mountains will reveal, minerals are- not randomly distributed. Limestone is a rock consisting -f^ 
mostly of the miherat calcfte (CapO.,). QuarUite is mostly quartz* (SiO^). Chemical elements 
are distinctly segregated. The richest local concentrations are ore deposits. An ore miheral 
has economic value but only because it has an exceedingly high local concentrajion and a 
.low average yconcentratibn in the crust. Ore deposit^ can be said to be high grade ac- 

; cumulations of mijperals that are ordinarily .too widely dispersed'to be. of ecbnomic value. 
What geologic processes operate to concentrate valuable minerals in local deposits? . 



82 > 



31; The Supplementary energy Gsed by man. frdfm all sources, te fy)V\r:a^out 3.0 x 10'° joujes per 
year. Although this nuraber is enorrhous, Tt is small by com^rison with the solar energy 
received by the Earth each day: 1.5 x 10" joules. What recent developments have occurred 
to focus man's attention on the sun as a souTceof energy aijd how can the sun's energy be 
harnessed? 

32. Coal is one of British Columbia's most important fossil fuels. It i^ the oldest economic \ J| 
mineral mined in western Canada having first been produced by settlers on Vancouver Isl^ncJ ^ '4 
in 1836. Where are western Canada's coal resources located? Desirable as coal may bettor a ' •: 

J fuel, many difficulties attend its use. All coal contains from 0.2 -^o 7.0% sulfur, present as th| 
iron sulfide mineral, pyrite, FeS.,, as ferrous sulfate, FeS04.7H.^O or gypsum, CaS04>2H^C 
When coal is burned the sulphur is released to the atmosphere. Treatment costs are high. 
How reliable are extraction methods'for sulphur in coa^? What does it do to the water? Would 
you like to see western Canada's coal production greatly increased, as it will have to be if we 
are to, limit the use of nuclear power plants in British Columbia. What other environmental 
hazards arq associated with coal development? 

33 Crude oil and natural gas. the liquid and gaseous components of petroleum^ occur together 
and have common origins. Crude oil and natural gas are composed chiefly of hydrocarbons 
and are found in sedimentary rocks. What kinds of rocks are best suited to trap petroleum? 
Where are they located in British Columbia? What are the petroleum reserves in British 
Columbia'^ Note that petroleum, like coal is widespread but unevenly distributed. Many large 
oil fields have been found beneath off-shore waters. What problems are encountered with the 
development of off-shore reservoirs such^as may exist in th^ Strait of Georgia? 

' ■ . ^ ..^ ^ 

34. Oil which IS particularly thick and viscoUs is called heavy oil, or, more colloquially, tar or 
asphalt. Heavy oil is a crude oil in thatTt contains large molecule hydrocarbons. The largest 
deposit' of ^eavy oil in the world^s foiind in northern Alberta and is^known as the Athabaska 
Tar SSkiis/ These sands are now being exploited in a smal1'way-VH9i^out'6 SOO^lonnes of oil 
are recovered each day from a 100 000 tonnes-per-day mining opfi'alion. If we assume a 50 
per cent recovery, the reserve of oil that can be recovered is estihiated to represent 0.31 x 
10" joules of energy. What problems have been encountered in developing the tar sands and 
why is development proceeding slowly What kind of investment has been required to 
develop the Athabaska Tar Sands and where has the capital come from? Dojou think that 
this oil belongs to alh Canadians or to the province of Atberta or to the local landowners in 
th'e,uAper Peace Piver country'^ What legal right do British Columbians have to Alberta oil, if 
any^^ flMfe .Tis rheant by mineral rights and who owns them in Alberta? In British Columbia? In- 
vite^wHjfroleum geologist to discuss the occurrence of oil In British Columbia and if possible* 
do tW^'same for someone that has worked on the tar sands. 

35 Hot springs ^re very common m parts of British ColumtDia. especially in the Rocky Mountains. 
^ Where does the heat come from that warms the waters of the earth? Anyone who hsfs been- 
down a mine knows that rock temperatures increase with depth. Measurempnts made in deep. 
. drill holes from around the world show Increases from 15CC to 75 C per kilorrietre; by projec- 
tion this means that temperatures of 5 000 C or more must be reached in the core. Con- 
sidering the sTze of the Earth, a vast amount of energy is stored within it. This heat may be . 
termed geothermal energy It is very difficult to locate places where this energy is so con> 
centrated that it may be mined and exploited by man. What special ciicumstances of^r a 
good d^al of promise fof geothermal power? Experts suggest that geothermal power will be 
locally important but globally insignificant. Nevertheless. British Columbia may be one of the 
few areas where U will become locally Important! Make a map showing the location of areas 
that you think deserve special study and evaluation for possible sources of geothermal 
power. (Hint. Consult a map of the hot springs of British Columbia.) An important reference is 
Elworthy. R-.T.. 1925. HotSprmgs m western Canada: their radioactive* and chemical propbr> 
' ties: investigations of mineral resources m the mining industry. ^1925.; Can. Dept. Mines, 
Mines Br.. No. 669. 
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.Nuc|§a/:,elr#rgy is be9oming more important as ^ source of power in pastern Canada but so '^jj 
^-1. far has met with intensfe r«sistanc0i in British Columbia. What factors about nuclear reactors : 
■i/^ ^^^f^ and ttielr Spent fuel pose threats to life ffnd property throughout the world? Uranium is the /"^l 
' cKief soured of fissionable atoms but measti red resources of uranium in rich depo^iJts are un- ' , 
; /i'" . . fortunately not 80 large as we might hope. Where'i|ijranl'um;found in^Canada'^SiitoUr resdarch' 
should^eVeal that it is principally located in rich vein deposits ia^he:Great Be^r Lake regl.cft. 
' .NdrthweitTerritories andln the Blind River district: norlfi of Lake Huron in Ontario. How l£hti 

wIlMhese reserves last? What wjll take (he t)'lace of. U""^ — consider the breeder reactor and * 
' the process of fusion? ^ . ' 

»37: ©ritlsh Columbia; hiii^^ has- traditionally relied upon its hydroelgd^'c 

powejTitb $ati3f>( itVI^^V* rieeds. Whe re'd oe s the power come from th^t is used iri your com- 
/ munhi^?. Hew dbes'ft^d^Yto you? What problems qto ypu forsee if your local power needs triple 
or qt^uple? Doi«j^^^ dams should'be bujit on the main stem of the Fraser River? 

\ Write'^an essay on We "fisn-p ' ' . ' 

38: Read the boalf let OTtiUed'i 00 ways t 
^ > "\ , , any energy aaViri^cl<^vtc«9-you have employed and compute^ihe value of the savings afterthd 
■'^ - t^p'd of a giveft^j)eriod The booklet is avaUable free of cb^rgya from the Department of Energy, 

Mines and Resources; 9<^.a»pr any locahoffice of the'Department .auph as 100 . W. Pender 
' ^ ^treet, Vancouver. * . ' . / - 

' ./39. Study thfe geology and occurrence of ore minerals In on'e of the following mines or oT a . ; 
npineral bearing property near yogr school. ^ / ^ 

Qrenda Mirie^ dassiar, Yellowknife, Kimberley. Craigmoht, Endakb, '^Gibraltar, Granduc, 
. . ^Granby, Lornex, Similkameen. Utah, Westerrn (Addresses of corporate Jffjces are available - 
■ ^ Uom the B.C. and Yukon Chamber of Mines, 840 West Hastings StreeK Vancouver, British 

: Columbia V6C 1C8.) • :^ ' ' ' ' ' ^ 

40. ' Porphyry copper deposits are irery fmportant in Bfttish Columbia. Study the report entitled 
> Porphyry Deposits df the Canadian Co/dillera and also the generalized geological map of the 
'>^^Canadlan Cordillera that accompanies it. Make- an jcjral presentation on the geology of por- 

' phyry co^^per deposits in British Qolumbia and/l|Dass around samples of ores from these 
'depq^its The report is available from the Department of MinesTOr from the Geological Survey 
of Canada' (Vanciouv§r).>^ . ^ . ' 

41. An*extJ6rieft^SecliT|ining enginee'r procraimedthe development df the Granduc mine, near the 
Alaskiiftn ;bd^^^^ the Coast Range of British Columbia some 970 km north of^ncouver, 
mafj^*s* tr^iurxiph .0^ some of the severest obstao'les nature has. ever place'd in the path: of 
xn^ei^'^^^^ and mine developnient. Nothing in the, Granduc development was easy, 

, ' > ..the:(lji0ep orebody is: partially cpvered by-a gtaci-gij', so open -pit mining is not feasible. The 
. terfiin is'tdo rugged, direct access to tidewat(?r overland too difficult and the weather too 

^ ■ centratpr site, an 'iS^krrf tuitner had tb be'driven undfir intervening rnountain ranges and 

" ^ • 1 glaciers to the mine, antf a mountain road, subject to heavy snowfall, had to be built to 
Stewart! the PTe'^rest port, 51 km away. S<udy the histo>/of prospecting and development at 

. Granduc copper mine. It is.an,exciting stor^^. VVrite Granduc Operating Company, 890 West 

. Pender Street. Vancouver; British Golumbta 'fbr its excellent illustrated booklet entitled 

• i 'Granduc". A * . * 

• • ■ ' • ^ ■ W ' ■ * * - ' S ' 

" . 42: The rriining; industry pley^s^^n important part in* the development of' the Canadian eccmbmy 
. \ r- over the las^ 10 yeal%. Were it not for this basic respuf.ce industry, Canada's export earnings- 

* / .wouW have been much lower, thera^vyould^have 6pen signiiiqantly less new investment spen- 
" ding -and there^would have been less iriipirovement in the' Canadian standard of living. In ^ 

" > - J974', mirteral production jn Canada (excludmg coal, oil and ^as) was valued^at $6.5 billion, 
" the eauiValeni'^ 4.6 per cent .of the. total output o? goods^and serA/ices as measured by the • 
value ojpCarvada's Gro^S'Natioflal Product, and about ten^per cent of the value of the totaj 




J^^*^^PMlpu* Q00d8-fff'^cluclng..ln(Ju8trie8. In -1974 'the mining Industry directly add Indirectly 

for about ten ^r cent <jf Canada's total employed Jlibur for^e and 
^^flpent oe^^^^ new capital expinditures. Write anfessa/on Jhe mining, industry 

^- '^Ax\^f^ Copmp\a emphasising the critical tdle played'by the woMd price o| copper inlhja ' 





43: Makjjl rw *^ the Ibcatioi? of British Columbia's copper mines and putllne an^^x- 
pf^forafOi WhiQh mi^l/ii'J^ the discovery of a new mine in British Columbia, 
ilogic factors #0 moat important in locating a, copper mine? Mjk 
^' :s : '.A- * • 

.44^ Play GET THE ZINC OUT, a ganri^i|leveloped by VEEP at the Univer^sity of British Columbia 
and for sale as avr leiBsbrn aid by tKe B.C. Teacher's Federation. - 
, ^' * . ' ^ « ^ 

45. Canada's ura'nium deposits are becoming more important as more nuclear reactors are 
deyelO|?9d throughout the world for power supply. Canada'.a^n[*i»flft extensive uranium deposits 
ftrjifluartz-pebble conglomerate beds In the Elliot Lake regtph'rftl<>;^^ Sudbury arid 

^It St^^ near the north shore of Lake'^Huron. Der^on f^ll}(|j|^^^^^ Algom 

Lifnited have bfren mining these beds since the 1950's and-expiE|Cl^cr^^^ af^ 
• ter Itve turn of the centu/y. Madawaska Minfes Limited was recently incorporated t.o recover 
uranium Irpm the dormant C|infpdian^Faraday mine near Bahcroft.^ntario. The urafnium ores 
ocC.ur frn pegmatite b6dies ,^r^,. . ' ' 



In. eastern Labrador two defjosUs{Kitts andMichelin) have been outlined near wipokok^^^^ 
>by Brinex Limited, a subsidiary pf Brinco Ltd. Eldorado Nuclear, Limited'^fcaverlodge 
operation in the vicinity of^Uranium City a few- kilometres from the north^lrore of Lafte 
Athabasca in northerh Saskatchewan recovers uranium from pitchblende^bearing veins and 
related deposits. /; - 

Consolidated Rexspar Minerals and Chemicals Limited.has outlined a' deposit in the Birch 
Island area near Kamloops, British Columbia. A significant fraction of the company is owned 
^_J)y Denlsog^Mines Ltdc^ ^ * . ; ^3^/ 

' ' - ■ ' ~ ,* - • ■ 

Write' an essay on the assessment of 'Canada's uranium resources and include the projected 
production capacity as well as Canadian uranium requirements and tha|possible wbrtd 
demand^by the year 2000. Write for the .free booklet entitled l974aAsses5plw( of Ca/^ada's 
Uranium Supply and Demand, Department of Energy. MJnes andvResources, Qtti|j|fd- Discuss 
methods of uranium exploration. ' \^ ' \ ' 




ne of the largest producers oflcopper concentrates in Canada is the IslWi^Pbp^er Mine, 
:ated near Port Hardy," Britislt^Columbia at the northerri^^nd df Vancouver. island.^ It te 
eratefd by Utah Mines Ltd. Estimated reserves are hear^ 250 million tonnes, of copper^ 
>lybdenum ore^ithan av^ge,grade of Oi:52% cdpper, 0.(f27% molybdenum sulphide, the 
pital cost required4o>Wf?Hip thfl mine was $88 mlllipn andihe first^shipmerlt was made in, 
Dpcember of 197^1. The original discovery on thet4)rl9sent lsrand,€oppeir property was npade. 
^ late in 1965 by a local prospector, Gordon MMSoiirne, who exposed indications of pyrite and 
chacopyrite mlneraUzation in a depressiajfe^^gder two overturned tr^es. The Island Copper 
deposit is a topical copper porphyry. MineraTmS&n occurs in volcanic andesites which have 
been* intruded* by a quarti feldspar porpf^ry. Write* a report on the geology and mrlling 
dpgf.atiqns at ljland Copper Mine. ,MakeVse of ^n excellent *bdbklet available from the.^ 
company entitlA||["lsland Copper Mine", W(Jlb Utah Minefeltd., Suite 1600, 1050 West Pender 
^ Street, Vancgu^r^British Columbia, V6E 3S7. For spqpimens of the ores found in the Istend 
Copper drfjposit wme Utah Mjne§ Ltd., P.O. Box 370, Pbr^jHardy, British Co||mbia VON 2P0: ' 

47. The offshore oil reserves of eastern Canada were firsNiriS^d m 1971 when a Halifax." 
newspaper>rintecl 4he massive Headline *iT'S"OIL!^*The oi^-^'atural gas and ^condensate 
(liquids associated with nsitural gasj^^ere dj86overed in*'a\>yeiru^^ drilled on lonely 
Sab(elsland,.29if km southeast of Hal|te^. S^dy the exciting prqstpect of offshore oil^and its , 
futurein sjupplying fcanada's energy n^s. JyVrite ior the booklet entitled "Resoi*rces -Under ' 
the Sea" available from the [Jepartrt^ent of Energy, Mines and 'Resources, Ottawa. . 
• ■ ■ • ' 
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Anvil- Mine in Canada's great North couhtr^ 
km below thlj^rtctic Circle i^h ^he Yukof 
economic picture 6i Canadii'sr North. It^ 

larc 



a'^cnajor lead-rlnQ dii|[<fSvery locatecf a!^ftto|7(;^^ 
'"^^^ . represertii 0'^rnajor elerneftjp^^ 
hundreds of jo'b# wherd none exUfed. jt 
brought to life the-«econd largest commuahyi?? the Yulcon where.there yvas orlly^sub Arctic 
VWlMerness^ On June 5, 1965 ia Vafilcpuver geojogi^ and ^^ gradjgfte nanried-Aho 
unknowing ly^campecl on top of the orebo(Jy near Vangorda Creek in the.YuKon Territory. Af- 
ter Wten^ive in ittdf exploration revealed the potential of the area Dynasty; Expforatiohs Ltd., a 
^llpcouver company, /Was formed to develop thevmirje. Eventually Cypru§ Mines Corporatidn 
^^■red-into a- joint Venture agreement in 19B5 and Anvil Mining porporatiori was 'fc^ifmed. A 
l^Hnium reserve of 57 rriillion tonnes hi o& containing 9% combined lead anel zinc and more 
.^WR^ 31 grams of silver per toiinefVas outlined. Discuss the^eolosy^n^l ore rpinerals of this 
Exciting new deyejopment in the Yukon. An outstanding, multicplou'i' booklet with mafty good 
bulletin board t^pe display materials is^vailableJcom Anvil Mining C^oration, Ltd., 1550' 
Alberni Street/Vapppuver, British C^knbia and ores^imples arVavailable frorwAnvil.Mining 
PQilDoratipn^Ud., Box 1000, FeM-o, Yukon Territory. , 
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The HjghATiB Valley/of 
and minjng^ pdlivity at!^v^a 
hf^h-g *^4eTi#>Pp6r. vei n 
^shoflpi^^s^draw 




plumbia hfs^t^een ||ie scene of intense mineral exploratibn 
ibds since thWea/lV p^rt of the century. Early -tn this peripd;, 
were nnrined on a snpall scale with the ore being hailed lb 
s. in recertt years', however, acjvanc^s in mining technolegy 
and HigRea^ft^f^y^ have pernrlitted/the large low-grade mines to come into 

being. 0hil^f the important ore bodies is the Ldrhex deposit, approximately^ 46 km by^road ^ 
frpm Ashcroft ^anfl directly south of Bethlehem Copper Corporation's mine^^n the north side 
of the valley.' ffffe ® orebody contains an estimatefd ore reserve of 266*niillion tonnes 
/n\\Y\ an average griwplf 0.427 "percent copper and 0^014 per cent molybdenum. The capital 
/ cost of financing the fnitiation dt mining at Lornex.is estimateif to be $138 million. Yhe Lbrnex 
deposit is contained. in, a rpugHly-elliptical area;,i:20p km ih lengt|T, 490 m^Kwidth and; at 
least 600 m in depth:;and. still opeg. The prirfi^pal rTiinej5alft;.in the sulphide ^one are 
chalcopyrite, bornite, khd^:>!«rbt!rb'd pyrite/r^g^tite, he^tite rhenium, 

osmium, ^suftiii ep|dote, calPclte and c,hlori-te. The mineraiizat!Ol^i|^^^ as fracttir,e. 



fillings^jther in qi/artzjaarbonate veins,up to 30 cm in width or^afbhff f^^ anflfminute 
^j.Tx.:: ^:^^\ ^1 «^L-^^>rK.. ^^c>Am:.>vof AU.miriAroii^afinn oanoraiiw ronraini<hn> [-|cfrhtDlende^ and 



jper- 
con- 

lin a bool<ret thatjs available by 
Jtr4§et, Vancouver, ^itis^ 

Corporation, LtKi B:b. Box J 500, 
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fractures, and' as sp'ars§ly-disseminatec^mineralizatipn generg^lly repfacifig; 
biotite. Friic^ttjre density and strong alteration appear to be keys to tne l^her-gra^e cgif^p 
molyjDde^um viilues. The staff of Lorn ex. Mining Corpbfjjtion' Lid, h^r^^ussed-j^ c 
siderable detail the entire operationJronh geology to mi'" ^ ' '''^ am«iki« 
writing: |-ornex Mining Corporation. Ltd^ 580 Gra'nville 

specimens may be obtfiihed by writin^Lornex Minfr 
L^an Laket Baritish Columbia. *" J 

* " . ' . " • ^ -Pf , ^ t- ■ ^ ■ ; - . 

-Ptecer Development Limited is a Canadian mining corlhparij^ with* international Interests. It 
brought the Gibraltar copper mine, one of Canada's lai|^^ase metal mines in term^ of^ 
dafiy throughput, into producliJ^. 11 also developed an^ rt^W^s the Craigmont coppap^minc^ 
Vat Merritt a^nd the Endako molybdenum mine at F^aser P'^i^®'' has developed afh eX- 

*^ceileht'summary of the science of mining in a broicWMpitled *The ^ine Development 
Process", available from their offices at 706 Burrard BwWWf, 1030 West Georgia Street, Van- 
couver, British Columbia V6E 3A8. Ore specimens rrt^y be, obtained by writing Craigmont 
Mines Limited, P.O. Box 3000, Merritt, British Columbia V0K 2B0, where <Mper bearing 
, minerals are obtained from an underground mine? Endako Mine, th& world's second largest 
" molybdenum mine, began production in 1965 and is located about 160 km west. of Prince 
Geprge. Ore minerals containing molybdenum may be obtained by writing Canex Placer Ltd., 
Endako -Mines Division, Endako* British Columbia VoJ 1L0. Gibraltar Minfes began 
operationsdn 1972. It' is a large ot)en pit copper produced near Williams Lake in the Cariboo. 
Write to Gibr^iltar Mines Limited, P.O. Box' 130, McLeese Lake,^ritish Cblumbila VOL IPO for 
ore specimens. ^ ,* * 
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iufti-'CoTou''ed map showing the 
free, of charge from the Department 
" '^s 21s? edition and 'ie printed 
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)NCIPAL MINERAL AREAS OF CANADA is available 
Energy Mines and Resources, Ottawa. ;rhe map (90QA)' 
a scale of 2.5^.,pm tltt 193 km. ' ' ^' . - - 



jeiient summary of xH^ changin 
ivironmenjial isjsues iQ^lving e 
Mines and Resources, Gtt'tawa 

One of the be.sj all around *6y 
planning- of the mine site 




of energy sour£es^ in Canada and a discussion* 
is available from the Department 'of Energy. 
NTRODUCTION TO ENERGY IN CANADA. 



53. • One of the best all around *bw(;be3r^ on. Canada's mining industry fromihe urban 

' site'jfc^yqgr.ess on pollution control and space-age mining is available^ 
from The Mining AssQ^ia^io^^^^ Toronto Street, Toronto, Ontario^MSC 2C2. It is 

^ entitled* WHAT MINllim MEAlsfe.ptO CwJADA, Q3 pages. It inckjdes many coloured photos 
V5;ind a glossary of^sofne m:inin$ terms and tools. A sample-^rorni^e glossary is concentrate — 
1^ treat ore so.'^hat the^ j^slljjt — v^oncerttrates " ^ will cemtain less Vvaste and\a' higher 
amount pf/the valuable'^rriin^Val. m^many mining operations, ore is concentrated in a con- 
centrator (ir mMI on the surface, then shipped to a smelter, *wh6se^product is then sent on!to a 
refinery for the recovery of . the^mtneral acntent by eliminating impurities. y .*:^ 

The vyhiteharse CoppecePelt, is an important >one of cppper mineralization first discovel-ed 
by^ininers .on their way'to the Klondike in 1897. No staking .was done until 1898, whe'n Jack 
^Mclnyre, staked the Copper King inVJuiy of that year. By 1899 the di^.tfict had been w^l 
prospected and rnost of the presently IJpown deposit?* had' been stakejd.\The prop,ert)k waf in- 
termittently activis froni T900 to 1912 but beMp.en 19^12 Bhd..19l7 major s^ipmentfe were made 
from th'Q Puebid property. ThevPueblp wais^QTose'd^lSy^^^^j disaster^ March 6f 1917 when 
frouncj." movements tr^pped^^hfe^men undetgrpu^^ lost their 

-liv^s.- Subsequent activity tow4lace periodically betvyfe^^^^^l 927 gnd 1^ mostly 
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inactive untit afffer world war.J1^'^v^971 a joint y, 
"! and SmeKing and Amcan Thfe'^iip^er belt lies^^n t 
/Yukon River valley. The main known dfDOSLts li 

*b3thofith In skarn. zones djev^ped, wheryTria; 

trusive information on thfs belt may be*dlDtain 
' P O .Bpx 4280 Whitehorse, Yukon Territc^ry: 
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ith'Hudsoh Bay- Mining 
north'i^est^Hy trending 
,6dge ot th'e*Whjtehorse 
re in cbnthct with the in^ 
ehorse Copper Mines Ltd., 



n Minir>gt:ompany,-'LtdVhas a majo%oppe^r mine near Princeton, British ^^olum-. 
jpper^Snowij^gs t^y/€i Been knovyn/on whaWs now corhpany property since^btfore 
ife/;entuj:5f. Van6|ft&^ of )aj?5iutccessful develqg^ were done bef^-e 

Ih&'^Copper 1^ area weSlpSf-'the Similkameww' River was acqulre^.by the 

i.saH^ated Mining. Smeltirig. and Power Company. During the peri^ods 4926-1930 
i§7 Granby successfulli produced copper from the area,.'Ajf|llT approximately 31 
million tonnes of pre, grading about t% copper, being mined and concentrated. In December 
1967/New.mont M^ing C/)rpora'tion purchased all of the Grahby holdings and injuly 1970.a 
go-phedd decisiGKi was" msrde fDy Newmont- , . ^ ^ 

The'^Yrfgerbell^' and Copper Mountain oreb'odies lie .within a 4 300 km by 1 100 km belt of 
Nicola roc-ksi^These rocks are composed of andesitic tuffs and agglomerates, lessor amounts 
of flows, and soprie lensy siltstone layers. The volcanic belt Is bounded on the south by the 
Copper Mountain stock qonsistin^f diorlte, monzcjnite and pegmatitic syenite. Chalcopyrite 
mineraJfzatlon at Ingerbelle odfl^ as dissenrvlnations, disconfinuous fracture-fillings and 
coarse-blebs. Sulphide veins up^ several centimetres thick are rare. The hdst rocks are 
mai/iiy altered tuffs and agglomerates. Ore reserves rec6\s||£able by opep pit mining at Inger- 
belle are/ estimated at 41 nn^llion tonnes of 0.53% Cu. Two smaller pits ard loQpted <5n the east 
^e of/the valley and th^e Contain an ^ddition^l 27 million tonnes of 0.52% Cu. A booklp 
'^entitl^ THE SIMILKAMEEN PROJECT describes the mine ^and its geology. Wrffe 
Sim/lkameen Mining Com(!)any. Ltd., P.O. Box 520," Princeton, British Columbia VOX 1W0. 
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Sfeveral excellent brochures are available from Comlnca Ltd., 200 GranvillQ Squarej^Van- 
couver. British Columbia V6C-2R2. These Are entitled: COMINfCO AT WORK, HISTIliPr Of: 
COMINCO, QUICK FACTS ABOUT COMINCO. HOW WE-DO IT AT TRAIL, HOW W^ DO IT 
AT YEtLQWKNlFE, HOW WE DO IT AT KIMBERLEY. The Cominco mine's most famous ot;e 
dqjjosit at Kimberley,.British Columbia is termed the SulMvan prebody. The surface outcrop of 
the orebody was found near the present site of Kimberley, British Columbia inJ8i92. 9uilding 
•Ol^ small copper-gold smelter was begun October 10,. 1895J|(^. Augustus Heihze at Trail 
.6r^k Landthg for the treaimenl of Rossland ores discovered at Red MpJir>tainJn 
^inze built a'.nlarrowl^auge railway from Trail to Rossland calrtng it the'^^Columbia 



XX?^ Wefetern Railway" and inJ898 i1 becafee part of. the (^anadian P-acific Railway^ By. I974lhe 
* Colfninco company reveViue was a record .$7927 million'yeUcfing rret earnings of $86.3 rililNpn 



•Ihe Sullivan ore body is essentially a sulphicJe'rSplacemfent of certairt^argillaceous anrfsilty 
wifts in the Aldridge formafion of late Precambrian age. The deffositVa large lens that be- 
dbpies part of the crest and eastern flank of an"antic(fiial 
main ore minerals. Ttyjsy are associated with pyrrhoUtf :C 
tfemolite. clinozoisite; t^piite, tourhnaline, garnet, btot^ 
, rlBplace merit of .the of Igfiw* beds, the ore. is distinctly laydT 
scale is 'Common. ' 




ler^ijintl sphalerite are the 
^aamf tt'hTb^^ niuscsvite, 
e/A^ p tesultof ^iseie^Jlve 
'nd .folding , on *a'large or small 
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One aspect of the ofigjn of fhe ore in'the Sullivai^ ore body> i$'}r^fatecMo plate tectorrics and 
Geology 12 teachers m^'y want to make reference t0.4hi^ when thiey discL(ss the economic 
geology of British Columbia. Recent discoveries of melalliferbus brines i,n , the Salton Sea 
area and, th^ Red Sea, adrift zone, have. in|luenced present day concepts of'ore gepesis in'^the 
3ullivan body. Unfortghately, due to the- effects of regional metamdrphism the critical 
relationships required to prove that the zinc and lead at Kimberley were djerived this way can- 
noT be, ^proven. A conventional hydrotherTtial replacement, origin is supported by the 
association of the massiive/arid sometimes transgressive ore:with extensivfe alteration zoq^s 
in both the footwairandt hanging wall of the upperto^ie 'Thia^^tieoiy however has difficuhiy in 
explaining the delicate ^rrdlaithfljl reprodtjctioh ofwhat appllai: to be sedimentation features 
in* the lower parts qt the mioe. One of the best 'papers on^^the origin of the brebody at Kim- 
tjg/ley is entitled "Qn the Origin of the Sullivan Orebody, Kimberley, British^olumbia" Can. 
Inst. Mia Met.. SfJecia)|Vol. 8/by FreSze, A.C., (1966)1 ■'_ ' ' 

. • • ■ ' ^ ^ ^ : ' '^vV^-"^ " ' ' Av- ' 

.©ver a hundred years '^go 5000 men, were sepirc^g for gdlji; l*/the, Gassiar area of .Brifi$h 
Colombia. That was nearly thirty years before news of the areat Klohdik© gplrf rus,h ripped 
\ % through the world fike a raiging stofm. The Cassiar golch$eMers wfio had struggled inland 
^ V^ij^dm the Pacitic Ocean spraad out alon^.the bars of McDa'm'e Creek and commenced the, 
" serious business ot^turning themselvesjn^to overniqM|^mil|ionaiflfe. AMew became wealthy. 

Bui the rest simpiV carrt^, worked, anel then depart#*''A'll th&t is lelt of thDs^lively .cJays Is 
.^evidence of the old fibiji workJ|^$ and the rottihg remVins of Centervjile, an early gold rush 
boo^i town* IP St 32 km down theroad from Cassiar/EveAin those days they^mligns spoke of a 
'";vcciy hill ' ig .r^crth.and birds that. built their nbcts of white fluff that 
•raging fites df tl>ei;^^^^ And-the early gold seekers noted that a pronVin^ gtr 
• serpentine rock ■^l^ted across the l-ugged face'of McC^||||^ni6untainfO'thers told 

.mountain sheep cqjil^^^^^ a yellow-green fluff that car7*1WfDj^riearlby mountain sporting 
a '\A/hite plume*. And, the talk went on. but nobody did ar^'mgMb^ World VVar II 

^brpkaout Victor Sittler of Lower Post was a mechanic w0Pi«^*ffth0^lask§ Highway main- 
tenance at fcg\ Nelson. He had heard all the myths and'WlPi^ds about McDame mountain 
and reasoned ihat the depoSH^uSt be asbestos. 8ut it was not u-ntTI/t^50 that Sittler and 
three partners fought 'thq^ir wayithRpugh the mbuntainou^ qountry t^ \Vbere Cassiar stands 
/"N^^oday. The four prospectpr§ climbed McDa#ne . mountain, and thete* it was: \a great out- 
^^ropping of 'yellowish oxidized/a^beslos. .Read the rest pfVthe story 'in the boakiil' entitled 
GASSIAR. an excellent source'of irhany potential-bullelj^ photos and ' 

fhe mind and ttie underground mini.r)g^6peration of {fcwaiuTe, open-pit 
" booklet^ obtained by writing: Ca^sjar ABbestQS^^Br'poratiori, Ltd.. Suite 
^ "Tower. lO^Si Wei^t Wastings Street. Vancouver. Britim Columtola A/6E 3V3: 
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The Brenda deposit is 225 km east-north^aist. of Vancouver and 23 km northwest of 
Peachland in the southern interior of British Columbia. Tfie area around the depost is typified 
by gentle rolfing. tree-covered upjand. During the late 1930's and early 1940's the Sandbeirgs 
of Kelowna worked- on their *'Copper King" property exploring a 30 cm chacopyrfte-^ 
molybdenite bearing quartz vein. They abandoned their claims in the early 1940's and tho 
property lay dormant unUJ^M^As rediscovered in 1954 by Bob Bechtel, a weekend prospector 
from Penticton, Between §864 and 1964, several examinations , and test drillings of the 
..property ware conducted bjil^he low copper and molybdenum grades and lack of demand for 
molybdenum discouraged the investigators, With funds o^>tained from Nippon Mining Com- 
pany and private individuals, a detailed exploration program vyas initiated in 1965. Noranda 
.-Mines Limited began providing major financing in June 1966 and now Noranda holds 50% of 
the issued common shares. At start-up in early 1970 the Brenda orebody had proven reserves 
of 161 000 000 tonnes grading 0.183% Cu^and 0.049% Mo and by January of 1974 reserves 
were 124 000 000 tonnes of 0.179% Cu and'O.046% Mo. Capital outlay required to develop the 
Brenda property was $63.S million^ - ■ 

Tfle Brenda orebody is located within .the Brenda Stock, a quprtz diorlte -of Jurassic age 
which intrudes the stratified tuffs, tuff breccia^, argiHites, and^mestones of the Nicola 
,Group.,Mineralizatior^of ecbrtpmic OTj^de occurs in a strongly Tractured area 790 m long anjj 
* 46P"m wide. The ore minerais'^re CTOlcopyrite and molybdenit^lqng with minor pyrite and 
occasional magrietite. These ore mine/3ls occur as fillings within fractures. Disseminations 
■m& r«re e)^cept in area's of intense hyarpthermal alteration. Write to Brenda Mines Ltd., P.O. 
Box 420 PeaGhland^ritish Colillbia VOH 1X0 fgr their exc^!|^f^o6klet with many coloured 
phonos entitiedrB^W^DA. It includes a very readable sumfftltfMLt history of ownership, 
getitofly. l|>r0pef^g^^j^erat ions',' ^ mining operation, nriine ||5temTO equipment, 'mineral 
proc^^ssmg, an^tl|™|l0a-reciaimW — one of tt^iSlip^^advanced in the industry. 

ThQ (aibrattar Mine^.Ltd coppe(Jproperty located 160 km south of.Prmce George is'an ey- 
(Afent foous for students enrolled in schools of Wilfif^ms Lake. The Gibraltar property was 
jPbovered in 1927 and was known as the Hill property. The Pollyaopa was discovered in 
1910 and at that time, was kno\yn a§ the Rainbow group! After many, l^eriods in which claims 
were allowed to lapse and some imermittent pericfds of minor production the Duval Cor- 
poration Ltd optioned the property in^U^4. Duval participated with Canex-Aerial Exploration 
irt 1a6^;a^^-a'n equ^l^basis tpJx^Dlore'me claims. Lat^r, C^riex bought Duvai's'interest and by 
'19^%^ the isSiljed shared oidBtfi^tar^Muies Ltd. 

T'i^^flfS^M the.vifirwH(!ig^ the oldest rocjjs are 

" regti(ji!^)rt^m^^ and vo I c a nk: ro cM of the Cache'Creek group of Per- 

mi.an agi^ :B^tholith»c intV of-llUrassic-CretflWo Creek group 

in the Griinite MotJ^Yaln lareat T^e batholiths are cblrippsed of gl^tdforite, quartz dibrite, 
diorite ana gniessic yari6ties of the above rocks, In theTiafei^diat^fitinity of Granite Moun- 
- i^>f^a r;BgioHa^ly.foliat^d and metamorphosed quartz dioriw occurs whifch has a chlorite l-fch 
dioritaji^ Calcareous members of^'/the Cache Creek group locallvJ||ihow some skarn 
dev^Cfpment adjacent to the diori'te contact. It is within the regionaHy nuietfimorphosed "aqd 
foliated quartz diorite that the Gibrallar-Pollyanna copper-molybdenurn ^cleposits occur. 

Oefocmation o( the qLiartz-f6ldspar porphyry jntrucmig the pluton resulted in a fracture.system 
which is controlled by the regional foliation. Within the fractljres thB sulpiiide zone is 
localized. It consists of ^ chalcopyrite-secondary chSlcocite molyb^n>ite zone between a low 
sulphide core-and a pyritic halo. Write Gibraltar Mines Ltd. McLeese*' Lake, British Colunibia 
for spec^ens and information. % ^ ^. v \ " 
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Teat^hefResimr^e Material is indicated py number in Ihe-fiarenthesesjottowing most Learning 
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^ tions'of the Geology 12 coufse'iThes^ are suggested activities only and may be used at the 
discretion of \he t^Ucheff) ,\ ' \" ''"^ ^ j 
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jlf l3eqtk}Ti-^ t^^^ study the Earth along with other inner plan||s amd Moon, they ^^^jT^^^' 

' ^tiie jkrr^oi^ledgesfl in the preceding sections frQm-«n intei*planetary perspective, at-ffilv;^^^ 

^fcif^'rnade to.^^ Earth is rfot enwely unique in term^ of itSiorigin, history ^ISi^ 

..^^^^^ tectonic and g5omorph#logical features and the geological 

jg^Oceas^ affect it from within or outside. 



WE EARTH AND THE tdLAR SYSTE^f 



In this unitf students^ afe introduced to tnetiene'ral features of the Solar Systeiji as well as some of 



tti^atest discqpreries made about the planets 

LEAilNING OUTCOMES 

The student should be able to: 

1. Dcscrihei the mcmbcr<> of the so/rtr systctn 

(Activity #1,2) 



★ 2T Propose and dtictid the criteria which help Mk^^ tHe'^lanhs in two group^the lnnBr planet^ (Mer- 
• - "^-f/*!//^ Venus, Earth ami Mar$) (ind the oj^^^lanew. • > 



3. 



4. 



(Activity #2) . ^ 

Compare ihe kinds. of contributwns made by the modern mannedlunmanned space probes to those made by 

early, and modern astronomers tj) the ^'''^f ^^^^"^'^^ V Moon and the solar sysihm. ^ ^ ■ ^ 

ctivily^#3.«. 10. 14) ^^i^Bt " 

D/scirj^s the ^^^or discoveries about }he Moon/ tk^ j^[(i^ets and jM^^l a r system ma\ie during the^ast two'^ 
decades. ' ^^^Kt % ■ ^- ^ 



(Activity #3. 4. e/ Z; 8. 10. 14) ; ... , 

Discuss some limiting factors, and thi\ ahuiii^tidns, ^tQ^be^^^ the study of the solar system. . ^ 

/ 



1 



C0^\Y, #1. 5? 11.. 14) * . ^P!|'' " ^ - 1 

See Peference^^^nd^,.Acii^^ Investigations at en(l^)t' this Section, ; r . 
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THE EARTH-MOON SYSTEM 



This unit deals primarily with the geological structure and evolution of the Moon as it relates to 
Earth. It should be empt]asized how lunar exploration has yielded information about the early history 
of the Earth-Moon system, as well as the inner solar system. 

LEARNING OUTCOMES. 

T+ie studerij should be able to: . 

■ m ■ ' ' . . 

T. Describe and distinguish benveen the different gross physical features observed on the near and'' far side 
the lunar surface. 



(Activity #3, 4, 11) \ ' ' 

2. Suggest reasons for the differences between the,, features observed on the two sides of the Moon. 



(Acti.vityJ#^9. 11. 12) , * . > 

* 3. Compare and contrast ^ome of the physical features obsetu^H on the Moon to those seen on the^Earth's 

surface. \ 

(Activity #3, 5. 9. 11. 12. 13, 15) • .^-^ \ ^> 

* 4. Describe major aspects of lunar geology, internal structure^ chemical and mineralogical characteristics 

■ of 'lunar rocks and compare than to those on Earth. 



^ . '(Acjivity #3. 9. 12. 13, 15) , ^ 

6^ Describe various- kinds of craters identified on the Moon and discuss some theories to explain their 
^ origin and geologicallc}ihnica\ evolution of the Earth-Moon system. ^ 

'-^^^^^ ) ^ ^ ' 

M 9, 11. 12. 13. 14. 15) 

V ^'l Noi©*^ See Heferences and Aciivities and Investigations at end of this Section* 






•nts'should-w'enqoyr^ learffecWn this arid the earlier s^jCtiQhs to. \ 

^ne the earth as ofte ol ttie planetary ^^jldiea iifong with oWlr inner planets. Major ideas alDout, 
anet#^Pjci the pew hypotheses abouVhfHf o^^^ ' 



ING OUTCOME^ 



The student 



★ 1. 




^^fgniftcince ,of s(j4te mpjor topograjihic'anji tfctonK f^AMires identified on Mer- * 



.;^':«^; (Activity, #5: 6, 7,'8, 9, 11. 15)p. 



scuss currenf theories which attempt, ta relaie the geology and internal st^ucttire of Mercury: Mars , 
and Venus to '^ose of the Earth and M-oon. ' ■ - . "'1 



^. (Activit^13:, 14, 15) 



^^\-iS^;:^ Piscuss the Qif^rren 



sa/nr systm-. ^ 



t f/teoWe.? u'///c/i attempt to e:}cplain (he origin andjhe^^iogicql evdlutiorrof thejnner 



(Activity #14/ IS)'] ' 

# <5;4. Describe some modern Jhiiories which attempt to explain the origin and'evolutt 
\uhole. and explain the difficultits in formulating a generally acckp.table^ 



solar system as a 



V 



^(Activity -<#t4, 15) 






5. Identify some' unexplained observations and unsolved pfShlems which' sciehlists jl 
^ , inner sotar system ! ^ ^ 

(Activity ^10.';-^^ 14. 15) 
Mote: See References and AC^th^ities and Invepigatiorvs at end of this Sectfpn. 
References > v ^ 

Note: Due to the very speqial nature of this section^ severaJ- references lis^^|||elow>re nofin the 
^ lists :of Geology 1Z prescribed textbooks or siqppiementary refferenjret^ts. Many excellent 
. pufrtications are s^ll »n ^nd will become^'iiVailable in the.co*nnKi& mpnyis. \^ the list of 

the rgferenqes bef^c^th.ose marf^pd^iMl^ th§ lists of^pcescribed texts 'and sup- 

- * ^' • ^ ^ • Geology IE. ::,\ . .. 

-ly-Jtgfies, J.B^, Geology tind tlw^Neio Global Tectonic^\Macva\\\ari of Canada, i976. , . , 

^2^ .Bidkfor^ipl? et al., G^pl^%^foday:^f{Wl Books, /lanrfom House* 1974. ^ - • 




ri, apd Howard. £xe)fc/se5 W Phy^^ (4th^Ed.), Burgess Publishipg Company, 




r 



^S^i\¥;v^^^^6^kes, W.IL, "Ess^ntials^A^f Ea-rih Hh^^^^ Ed.)Jtrentic^all, Inc. 1973, 

. \ •''irA.g^^^^^ Si)/flr Sysfem, Scientific American p^pr;i%»tp,A|if. Q|<p»iamKor .1071;. i.^c»i^ . ia/.m> 

"I'V /^^^^^ of tlanchi MAjfincr, Pioneer and Vi\ 

^ \,%:f^erdA\or\ Lei^ox\ Aid, BCTF Lesson Aids SeTvibe, 5235 Burrard Street, VanQOiiyer^^itrsfi 
^:€olurTfcla V6J 3H9/,19 ; \ / 
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• 7. Long, L.E.. Geology. McG raw-Hi M Bool<»CoTt)apny.. 1974, * ' . 

8. Qoldthwait L.: Earth Science, Ginn ahd . ' ^. V jh 
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^ 10. 9od»chteKand Gierloff-Emderi, The' Earth from Space' (English translation frpm German by 
Mayhew'and EvaHs), David and-Charles (Holdings) Ltd., Great Britian, t974. \' 

^.^ 11, Tatchj J.H., T/i^ Mm?;?: /fs Pasf Development' and Present Behaviour, Tatch Associates, Sudbury; 
- Mass.. 0l776,n9f74. : ^ , ' ' 
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. 12,. Soffen. G.A'. et dA.:Scieniific Result's of the Viking Mission: Reports, Science (AAAS); 17 Decein- 
^ , , t5€r, 1976. Vdl. '194, No. 4271. ^ \ * 

■ '■ M u. ' ^ ■' . 

■ .13, ^ Ordway^ R.J.". Earth Science (2r\U Ed.): D. Van Nj|krand Cdfnpany, 1972.''^- ■ _ 

^14. Press' and Siever. EdWi/, W,H. Freeman, and Company, 1974. , , ^ ■ ^ 

,1 5. !^ak]^ai (X^^^ A rticl^s; January, r97Z;(l\Aars: "A's^Viking .Sj^is It >nd Th^^Search for Life); 
, ^ %bruary.^f9^5''(Mysterioas Jupiter); June, 1975 (flight to Weiius and^iviercury); M^, .1975 
\i . • ' .(The Ih^^dl^l^^ 
\ • ; (ADolk>^ fxgiores t!^e Mountains of the l\|obh|^ [>epamb^^^^ 1972 t>^ppMo 16^rings Us 
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^Not#:^ The;^follo^irfg spa^c audto-visuaJ aidsvwill be found useful for teaching the section oa ^ 

; Platn^tpfogy/Som^of these may not beXstec^ in the general list for Geology f2^r Earth 
V, • ' Science 11 courses. 



Study Print ^rie% from BBE 

#5940 Tll^ S.olar System , ^ 

^The "Barth-Mopn System (Color) 

■%■ . . . ■ 
;e,Mop^ (Coloft>i / . ' * ^ 

^S'tJdytnglVhte Lunar RbcksHOolor) ' 
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Mars: TheNSearQ.h Begi, 

' ' : • • ) ' ' 
2. .The Mpori:7An Emerging l^^fvfet; NASA 
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The exercise above may also be used to. explore /the origin at the names of lunar and othSrx 
pjanetary features. Many of the fqatures on th^ nibon were first named ir> the t7th centur/by 
ah Italian astronomer, Riccioli. Tx> him, the largest dark patch on the moon was an "ocean", 
those a little smaller thej'seas" orv'*guir' or "lak6s'Var>d so on. The terminology is still in use 
today. and reflects the then pKe^ailing hypotheses about the origin of various features on'fhe 
moon. . ' ' ^ , \ 

^'-^ '. ■ ' • ■ ■ ■ 

" The lunar craters derive their names after the famous Greek philosophers (Plato, Ptolemy, Ar- 
chimedes) or famous Re^naissance figures ^Copernicus, Kepler). The lunar farside was first 
photographed by a Soviet S'Race Probe and features landforms named to honour tfte Russian 
scientists. , ^ - 



The students may further be asked to investigate the origin of the names given to major • 
topograpljiic features on Mercury and Mars, such as Olympus Mons, Calorls bastn, Kasei 
Vallls. ' . ... 

Surface features on th^ earth are products of complex Interactions between different 
geological processes often unfamiliar on the other members of the Inner solar system. 
Stud.ents may be assigned to study and analyse high altitude photographs of the earth, the 
moo^. Mars and Mercury and' investigate 'the following: 

(a) what are the kinds of landforms common,,on, and distinctive of, each planet? What are 
their relative abundance, and why? * - 

()D)what are- the kinds of geologlcal'^Drocesses (or their absence) which help create (or 
- destroy)Mhese landforms? , * 

(c) speculate to indicate how the <iaturQ of these landforms and the geological processes 
may have changed-'ln the past, an6 may change /m the future. , ^ 

See Bickford, photographic essay: "Circular Landforms", pp. 114-121; Hamblin and Mowafd, 
pp. 61, 67, 150., 152. 174-180. 188. 192, 194, 196. 200, 204, 212. 216, 218-229; 'Exploration of V 
Planets' (BCTf Lesson- Aid) slides; Press- and Siever, Chapter 23,*pp. 794-823.' 

Lab exercise in Hamblin and Howard on p. 166 is an excellent way to familiarize the students 
with the gQology. age relationship of the .landforms, and the nature of crater 'ejecta", lava 
flows, and the possible origin of various landforms on the rfioon. 

See Mamblin and Howard, dhapter 19 (Geolpgy of the Moon, Mar^nd Merc/ury), pp. 166-16-7, 
218-227; Tatch, Chapter l2 (Summary and Conclusions), pp. 256-269; King, Chapter 6 (The 
Moon), pp. 153-169; Boldechtel and Glerloff-Emden.' (The Moon, Satellite of the Earth), pp. 

.165-176. . ' 

Lab exercises in Hamblin 'and Howard on pp." 168, 17G, 172, 174^1 77. and the accompanying 
Mariner 9 pictures will provide an excellent basJs for students to understand the basic con- 
cepts of the gealogy of Mars. The exercise also makes an attempt to compare the Martian 
surface processes with those on the earth. 

These pictures may be supplemented with more provided in the BCTF Lesson Aid :Ex- . 
ploration of P^anets" and the accompanying teachers' guide. 

See Hamblin and Howard, pages as indtcated above; 'Exploration of Planets', Teachers 
Guide; Janes. Chapter 13: pp. 439-441; Ordway, Chapter 23. pp. 576-580; Press and Siever. 
Qhapter 23. pp 817-824} Th^'Sblar System, MARS, the article by James Pollack. 

A lab exercise in Hamblin an^ Howard oh pp. 178-179 will also provide a good introduction to 
the basic concepts of the geojpgy of Mercury and attempts to compare these features to 
thos6 on the mocfh ^ . 

As m the case of the earlier activity about Mars, additional pictures of Mercury are available 
in the slide set by BCTF. 
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It has been/suggested that ^he surface of Mercury resembles that of t% rhqfan whereas its in- 
. terior may oe more like that of the EartK. This observatioHimay^ hovJeVfeir; beJohly partially ac- 
0eptable..The students may be given the task of^ looking clogejy at selected pictures of the, 
rhoon. and Mercury, as well as consider other relevant intprjnatiqn such as the bulk densities 
^f the three bodies.and collect evidence to defend or contradict the statement Some specific 
, /questions which may be considered, are: • ^ * 

/ (a) what specific evidence ,has been uncovered to indicate that Mercury may have a metalli<;^ 
core like the jEarth? ' ! ; 

/ '(6) Lof^g, linear features identified as scarps aresefen for hundreds of kilometres ilispfey^ng a 
^ crjDss-cutting/relationship with craters and inter^rafer areas on Mercury. What may be-. ^ 
tl^eir significance in working put the geological history of Mercury? 

Cc) What catastrophic (or otfjerwise) incident may have caused the formation of huge impact 
oasin on Mercury called Calorrs Basin? What are some similar huge basins on the moon 
and what is known about ^thifem? 

Cratering is/ an i'mportant^ planetary . process. Students may be as|<ed to investigate the 
general phenomenon, possibly wiUi the help of self designed Experiments ^and the study of 
the appropriate photographs. Some aspects which they may consider are, the kinds of craters 
(impact or volcanic), morphology of ©raters, relative abundance on a planet', presence of an 
'/ ' , atTOosphere or a lack of it, the value 'of surface gravity, etc. . - 

; . . Students)Tnay also be asked to develop specific criteria which may help identify the two liinds 
J ' of crate/s\on planets. Some other questions which may be explored are: 

. . , , (a) where are tfie volcanic craters on the earth? 

(p) are there any meteorite impact .craters on the earth? In Canada? On a map of Canada, 
- Ibpata.all fatflous irnpact craters.. What is c|n -astroblem'? / 
» (c) why does earth have so few impact craters as compared to the other inn6r planets? 
(d)why do we not see any 'rayed' craters on the earth which are ^orrtmon on the moon"? 

See, JaMti Crrapter 13, pp. 419-426; 'Exploration of Planets, teacl^lers' Gf\^e and the sljdQ^ 
• ' set; Ordway Chaptar 5 (Igneous Activity/Volcdnic Topqgraphy),,pp./124-l28; BJcklOrd, Chap- 
>r 4, pp. 114-121; KlMf. Chapter 3 (Craters). and Chapter 4 (Terrqfetrial Irhp'act Craters), pp. 
-91 and 95-124, re^ectively. ' ' / / ' '\ * 

10. Most schools and the puoHc libraries contain a^umber of 'out/of date' books dealing with 
planets and astronomy. These books were published more than/ten years ago. Students may 
be asked to study a number oftjiese books to help them answer questions^like the following: 

(&) what are some earlier motlel^of the planets s\jch as jyierifeury. Venus. Mars, Jupiter and 

the origin of tK^ solar systemV / * ' 

(b) what kind of discoveries were damned to be^ew and revolutionary in the early and middle 
20th century? How do they rate with tho^e' being made now? 
* (c)what is the role of manned/unmanned sp^ce probes ih the field of planetary astronomy 
today? * _ ' Y ■■■■ , , ^1 ; 

(d) what kind of questions were being asked about the planets about 25 years ago? 

(e) what were the expectations of the ast/pno'iriers jn terms of future discoveries in space 
sciences, before 1950? / \ 
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cire 'likely to b^•published.soon^ Trl^iSame is true. of the rolief "maps of these planets. The' 

3 'bt the .features like trie ones fisted below^ 



11. ^Detailed geological maps .of th^ifhobn arelalready available and those of Mercury and Mars 
cire 'likely to b^ published. soon^ m^i 
students should makS scale models 

(a) Martian terrain as seen by the Viking fanders. 

(bj Olympus Mons,' as seen 'b^ A/lariner 9 and Mckina Loa in Hawaii or 5^ount Baker, at the 
same scale. . , ^ 

' (c) Lunar Orbiter view of Crater Copernicus. 

(d) nearside of the kinar' surface, showing major craters, maria and rilles. 

(e) general terrain onf^Mercury, showing craters, ridges and scarps. 

. Some related aspects to consider are: what kinds of rocks are known to be found on these 
planets? What will the area look like if the pictures returned were in color? What material will 
make the models look- more realistic? What is the resplution of the pict^ures being used ta 
make the models? etc. 



3Spl 



'Sae, National Geographic, issues lifted jn Reference Cited and several others; Exploration 
of Planets (Teachers' Guide), BCTF Lesson Aid; Ordway, Chapter 22, pp. 552-559, Chapter 
23, pp. 578-579; Goldthwait, Chapter 9, pp. 195-200; The Solar System, Mars, the article by 
Pollack, Mercury, the article by Murray; Long, Chapter 2 (The Double Planet), pp. 28-39. 

12. .Several excellent activity and investigation ideas are included in ISCS Program module 

named 'What's Up?' There are several activities dealing with the processes of formation of 
craters, impact craters on the ^arth, photographs of lunar craters taken with varying angles 
of sun's rays, origin of craters on ^he moon. As well there are several excellent pictures of 
lunar features. 

See, What's Up?, Intermediate Science Curriculum 'Study Module, pp. 55-89. 

13. The students may be asked to investigate the internal structure of the moon, and compare 
that to the internal structure of the earth. This can be done through a study of the seismic 
phenomenon which is reasonably well documented. They must be made aware of ttie fact 
that there are several seismographs on the moon still continuing to operate and send data to 
the earth. They should investigate the nature oj P, S and L waves and how it helps un- 
derstand the internal structure of a planet: 

Some questions which may be probed through the suggested ' readings are: 

(a) what are different models of the lunar interior? 

(b) what specific information has helped scientists reconstruct these models? 
jc)what are major, differences between the lunar and earth seisrnicity? 
(d)what is known about the structure of the lunar crust? 

See. Long, Chapter 2. pp. 38-42; King, Chapter 6 (The Moon/Lunar Geophysics), pp. 2;5-219; 
Bickford, Chapter 1 (Earth s. Place in Space), pp. 4V42: Tatsch*. Chapter 7 (Lunar Structure 
and Composition). Chapter 8 (The Moon's Thermal History). Chapter 9 (Lunar Magnetism). 
Chapter 10 (The Moon's Seismicity) and Chapter 11 (The Moon's Gravity Field), pp. 130-185; 
Stokes, Chapter 7 (Cosmic BTeg innings), pp. 161-164 and Chapter 8 (Structure and Mechanics 
of the Earth), pp. 168-188. 

14 fysk students to read about the -theories of the origin of the solar system especially in their 
proper cosmic context. Students may make a list of some diverse obse.rvations which must be 
accounted for by an acceptable theory. Some of these observations are: why are the inner 
planets rocky'> Why are the inner planefs smaller in size? Why are planetary orbits in prac- 
tically the same plane? Why does the sun possess about 99% of the total mass of the solar 
system but only 2% of its total angular momentum? etc. . 
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Students may also mvestigate why it Is difficult to come up with a model of the solar system 
and its origin at the'present state of our knowledge. How-some of the earlieV models have, 
become obsolete in the light of new information about planets. Students should be made to 
realize that the new data has on one hand provided answers to questions but on the other 
hand lends .to raise new questions. 

See. Stokes, Chapter 7, pp. 150-166; Long, Chapter 1 (Cosmic Beginnings);, pp. 2-20; Blck- 
• tord, Chapter 2 (Earth in Evolution), pp. 47-63; Tattch, Chapter 1 (The Orig\n of the Solar 
System); Ordway, Chapter 12iOrigin and Development of the Earth and Its Crust), pp. 309- 

312. / ' 



Students may investigate the chemical makeup of the felaiigj^s and the inner solar system but 
finding out about- varjous ki,nds of meteorites, surface and bulk chemistry of the rocks from 
the earth, the moon and MaVs, A great deal of literature iS available about the chemistry of the 
earth-moon system and meteorites, Some questions worth investigating are: What is the 
geochemistry of the surface rocks of each planetary botJy? In what ways are moon rocks dif- 
ferent from the terrestrial^ rocks? What are different kinds of meteorites? What to do when 
one discovers a meteorite oa the Earth? What is a meteoroid, a chondrite. a meteotite. a 
tektite, etc ? 

♦ ^ . 

•See. bickford, Chapter 2, pp. 58-63; JaQes, Chapter "13. pp. 319-426; Stokes, Chapter' 7, pp. 
161-166: 'Long, Chapter 1, pp. 12-15. Chapter 2, pp. 23-31; King, Chapter 1 (Meteorites) .pp. 1- 
61. Chapter 2 (Tektites). Chapter 6 (The Moon/Lunar Sample Analysis) pp. 169-219; Tatsch, 
Chapter 5 (The Asteroids. Meteorites, and Teku^s). pp. 98-113. Chapter 6^(Lunar Rocks and 
Minerals), pp 114-129 ^ ' y • ' . 
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GEOLOGY 12 



>PUES AND EQUIPMENT LIST^ ^ 

• ■ • ir V • . - . * 

, The following list is pFovided as an aid in se^bjA^ up n.e\y laboratories. It will also function as a con- 

• ;tfenient checklist for schools. where somet,^^^he*e^uipn*ient listed will already 1^ available. In 
deckJim on cn/antities listed, a maxiqnum cl^% of twenty-four (29) students and an or^anizaffon of 

-two'papis per working station has been 'used. " ^ 

Quantities are allotted on the following. plan: ; , • . ' i 

• Per Statiin: X 

A Station is two students working as 4 team. If the laboratory seats twenty-four ^tVidents and the 
aniount required is one per stati9h, t\^eWe units , will' *be required. . . ' 

Per Class: \ ^ 

^ ■ • / • 

Required for each class using the laboratory, Q.g., if two Geology 12 classes use o^e laboratory, then 
, requirement will be two ^m^s the unit issue. 

Pai^ Laboratory: 

■ " • <^ ^ • 

Require^, per laboratory classroom. . 

Jtems that are marked + are desirable for the most effecjive presentation of the <!:ourse but may not 
b^ essential. ' 
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QEOLOQY 12 



GENERAL SUPPLIER. AND EQUIPMENT LIST 



Itftm ^ ' Amount R«quirftd[ . Unit of SUppiy ^ 

Aluminum foU . v ^ — t p^r leto.. . . . , roll , ' 

Aquarium, approx- 75 / ..r ........ 1 per lab )^ — ^ach' , * ♦ 

Bags, plastifc or baggies (local supply) — ^.. as needed, .w. . — ' . V * 

Balance, Centigram type r..' 8 per lab — each;. 

^sfngle pan ; . ♦ / ■ < 

triple beam. 311 type . ^ ' 

Beakers, pyrex, 50 ml 3 per station ■. case x>i 48' 

Beakers, pyrex, 100 ml. . .' 6 per station.'. — ' pkg..ot 12 

Baakers, pyrex, 250 ml 3 per station — epch 

leakers, pyrex; 1 litre : 2 per lab . each 

Blackl>ght (short wave) .'. ...r..... 1 per lab . . each 

Blo\v-pipe. brass '. 6 per lab ':....•./.... .^ each 

Bottles, dropping; 50 ml polyethylene 4 per station .. dozen 

Bulbs, show case type, clear, 60 watt . - 2 per lab . . . ... . . .'.^ each 

Bunsen Jsurner . \ per station* each 



+ Camera. 35 mm 1 per lab each 

Clamp, burette, universal i p.er station each 

C — clamp, 8 cm v.........'... 2 per. station each 

Clay, (local supply) ; : .'. . . ^ , ' 10 per lab V2 kg ■ 

Clock, sweep second hancj, 24 h: . 1 per lab each 

+ Cloud chamber, dry ice type, ^ . . ' 
students diffusion, radioactive source Included 

(Welch type) 1 per school • each 

Compasses, blackboajrd style 6 per lab each 

Corks, miscellaneous sizes 3 per lab ba^ of 100 

Cork boring set, 9 piebes 1 per (ab each 

Cover gf^sses, microscope slide, size #2 2 per lab box ^ 

Crayons, wax (local supply) 30 per class 

Crucibles, .with covers, size 0 6 per class each 

Cups, paper, unwaxed v 30 per class 

Cylinder, graduated. 100 ml . 1 per station. ' — each 

' Cylinder, graduated, 250. ml 1 per station, each 

Cylinder, graduated, glaiss. 2 litre 8 per class... each 

- Elastic bands, miscellaneous sizes (I6cal supply) 1 per lab box 
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Hmi.^ V ; V Amount Rtquirtd Uhlt of Supply 

Pan, -electric . .• — — 1 per lab. . . . each 

4-Piim eMrachrome high spae^d . . T'. : >. . ! ''as impeded ^. . . ..... . > * 

+ Film. Kodacrhrpme 2| ^ . . . . a« needed t - 

F;ilter papier, .15 c)n dianieter . ... ........ ... ... .. 2 per class ..... pkg. of 100 

^' Flasks, Florence, -250' mlr^. . . .u ....... 1 per atatton. . . each 

Food qolcrirlg (local supply) . * . . . . . . . as needed ^ * 

GPas llgfiter, spark renewal typ'e . , . /.V 1 per' station . . ^ • • • eacit 

.Qjas3 cQtte^. for glass tubjng . . . . . . . 1 per4ab ' , ^aeh ' 

Qjobe, blackboard, S^cm 1* per lab >: . each 



Goggles, safety : . / : ^ per student .'. . each 
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HarVd Liftns, Qeology (with lanyards) ^s/ 

■ m'^gnilication (x12 to ^14)^^. — — 1 per student'. .eaoh 

Hot pfete^j^, electric, single control 4 per lab each 

Vjron filings, fine 3 per lab V2 pkg. - 

* . 4 / 

Knife (pocket style, lifge) (local supply) 1 per studenV.'. . each 

' / ■ X ^ ('.. • ' . 

Labels, gummed, 40 x 60 mrriy (local supply) . 2 per lab box 

'Magoet, bar-Alnj,co 15 pm '>: 1.9' cm x 0.6 cm ^ ^ ' 

(approx.), set of in a' «ox' 1. per station set ' ■ 

Magnetic Compass (^runton typp) . ; f per lab 

Magnetic Compass (Silva'type)^ 1 per station ' each 

Metr.QStick ^ 1 per station ...'each 

Microscope, stereo^scdpit, powers of 20x and 40x 1 per station, each 

Microscope, stereoscopic (with polarizing stage) 1 per lab . . each 

^ Mortar and pestle, 10 cm diahs^eter . : \ . 1 per lab . . each 

Needles, dissecting ......... r .. — 1 per' student each 

. Overhead projector (Apollo type) ^ . . . . 1 per lab . . . . each 

Paper, white' aardboard, (local supply) as needed 

Paper, white, 1 m width i*oll 1 P©'"' lab roll ' 

%Paper, gr3ph; log-log type 1 per lab- pkg 

Paper, graph, cm squared. as needed 1 

Paper, graph, semi-Jog, four cycle ' 1 per lab pkg. 

.Parawax (local supply) 1 pec lab.. 7 / pkg. of^4 each 

+ Pencils, coloured. 1 set per station set of 10 

Petri dishes, 150 mm x 20 "mm tops and ' ' 

bottcmrrs, clear t)lastic^ 1 per jab case o! 24 

Plaster of Paris .'. .* > 10 kg, per lab. ^ 

Plasticine (lo^af supply) 3 colours 10 kg per lab , ' 

Plastic tubes,'5 cm x 100 cm 1 per statfon each 



I'll. 



Jkmount R«quir»d Unit o( 8u|9ply 

1 per station.., ' each 



1 per pupil . each 



Plates, glass! I0i cn> x 10 cm — 

Plates, streaK'^-wnall white porcelain . ^ 
(urtglazed bafnroom tiles) 

.Projector, slid/ with remote control and ' * ' ' . . 

extension cord 1 per science department". . each 

Prospector's pan, 35 cm dimeter 6 per lab each 

Protractof, blackboard style .p. ... . 6 per lab each 

Pump, hand air... \ — 1 per lab each 

Radioactive material set ' 1 per .school set 

Radioad^ive-demonstrator with accessories ... . 1 per school? eacii 

^ Razor blades, single edge (local suppIV) 3 per lab..:..., — pkg. of 10 

* Rock polishinQ unit 1 per school each 

Rock, saw, 25 or 30 . cm diameteK, 

combination trim and -slab saw 1 per schooj each . 

+ Rock tumbler — "1 per school pach 

Ruler, flexible, metric 1 per lab....- jsach ' 

Sand, assorted (Ward's type) : as needed 

Sand, coarse (local supply).' as needed .. . . 

Sand, fine (local supply) ^. ' : . . . as needed 

Scissors, fine polntv.,student laboratory grade . 1 per station.- each 

Screen, projection. 1 per lab each 

^coopulas, dispensing, stainless steel .' 1 per lab... ' dozen 

/^Screen sieves (set of 6) 2 gets per lab . . .-^t ; ' 

Seismograph . , .\ 

' Tripbd-base rlng^tandl 1, per lab each , 

Ringstand rod, 50 .cm \ t per^abT..^ ...... laach 

Machine scj'ews t'o go through rod 2 per tab . . each 

J" CoppeV wire #22 or #24, 60 cm*. 1 pbr lab . ' \ 

• Dowel. SO cm long 1.25 G/n diameter 1 per l^b ^ each 

Brad to insert 'In end of dowell... 1 per fab . . . each. 

Striti of sheet" leati, (450 g)^5 cm wide....'. 1 per lab each 

* or 

Seismo^aph Model, . • ' • ^ 

(iVIaple Dl^butors, Vancouver) 1 per lab. 

Sheet plastic, tr^nsparentj^al sgoM^l... as ni 

tlily. putty (loca^suppl>HHi^B.. . . .IffiHU- . . 10C 
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Amount ntqulr^d 



Uoll of iupply 



Stream table (Demonstration type) ^ 1 per school... .'. each 

Siring, heavy (looal supply). .. . — 1 per — roll 

String, nylon (local supply) .... r\. .. f... "^'1 per lab — ...T roll 

Sfrlhg, light (local. supply) '.j. 1 per lab...-. roll 

Styfotoam cups ; . . . ^ 1 per lab gross 

Sftenepsoopic Viewers 1 per student . i . . , . : each 

• J' ^ " • » ■ 

tape. ;addlng^machlne 7.5 prn 1 per lab i roll 

Tape, ceiluloser, transparent (Scotch) 

1.25 cm width • as needed • • 

Tape, masking 1.25 cm width , J per lab^ . roll 

Tape, ticker .* — — t per lab package 

Test tube 18 x 150 prim, pyrex .............. . 2 per lab pkg. of 72 

Test tube brush, medium 3 per lab . each 

Test tube supports .... 1 per ^tatron each . : ' 

Thermometers, Celsius scale 20 .to 110"C. 

student grade y. : • ^-1 per station each 

Thumbtacks (local supply) '. .V .. 3 pV lab box V' 

Tin shears, straight 25 cm ... ; :\ . 1 per lab each' 

Tissue for cleaning microscope lenses. ..... A 1 dozen per lat) . . : ! , . booklet ' 

Tongs, beaker ..... .C , 1 per- lab , , . each . 

ToolS, ' . - • ^ 

>^ile, triangular. 15 cm , , 6 per lab each ' - 

hammer, claw — 1 per lab \.. each ' 

hammer, geologist's r 1 per station each 

' hammer, sledge . . . , ^ , 6 per fab . ^ , : . . . , . each 

pliers, long^pose cutting edge — 0. 1 per lab — v. each ' 

^ pliers^ combination 1 per lab each 

screw drivers (combinaltion) 1 per lab each * 

screw driver, jewellers . . ! 1 per' lab each / 

spad6. folding type 6 pVfT'lab • . . .r! each 

Tubing^ soft glass. 4 mm, S^mm and^6 mm... 1 ©f each, per lab 450 g ^ 

Tubing^ polyethylene. 5 mm 

outside diameter . . 1 kg per lab. . ,^.H:*.ts ' 

Wire gauze, asbestos enmeshed centre,' 

12.5 cm- X 12.5 cm 1 1 per station . . . each 
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GNIMICALt 



Ittin 



Alum 



Amount R^qulrtd Unit 

2 kg per \ah 'kg 



of 



;4[nmonium dichrornate .\ , V2 kg per lab. .^ 



kg 

Apimoniiim oxalate' — V2 kg pe^ lab kg 

^1 CJ.harcpil blocks (4 cm ><;8 cm^^3 cm) — ; 1 boic per lab...-:' box 



Copptfr sulphate (Tech) 2 kg per lab kg 

Hydrochloric ^Cid ..... 4 k^ per lab kg 

Nickel II sulphate hexghydrate: :.. s.. 2 kg per lab«,. ; . , . kg 

Salol — V2 kgpeHab..' kg 

Sodrum chloride . . .\ 3 kg per^lab. kg 



Thyrrwl ^. V2 kg per lab. 



kg 



GEOLOGICAL SPECIMENS 

' Item Amount Required 

Prospector's set of mineral chips 1 set per student.. 



Prospector's set of rock chips . . 1 set per student : 

Raw materials of Canada: 

• MIniBral Industry, 120 specimen's 6 sets per class............* set 

' (The above are ayailable fromi the Geological "Survey of Canada) 



Unit of Supply 

set 
set 



Azurlte 

Halite, 

Bornite 

Malachite r, ... . 

Chlorite ...... /. . . 

Olivine. 

Cinnabar ^ 

Selenite (Gypsum) 

Varieties of Quartz and 
Cryptocrystalline Quartz 

Obsidian ^ 

Pumice 

Breccia . . . . 

Arkpse 

Siltstone . 

• Travertine . . 

Fossiliferous Limestone... 

Chert 

CoaL ' . . / 

Phyllite 

Metaconglomerate 

Martrie. 



per student ' feach 

per student • . . • eac^i 

per slucfi^nt ^ . /. each 

per student . each 

per student'.^ each 

per student each 

per student each 

per student each 

per student ! . . . each 

per student each 

per student each 

per student each 

per student . . . eaoh 

per student ; each 

per student each 

per student /. : . . each 

per student* .... each 

per student each 

per'student each 

per student . each 

per student .^"^ each 
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GEOJ-OGIQAL SPECIMENS 

Item Amoi/ilt Required Unit of Supply 

Geological Thin Sedtions for- each of the -following, rock^: 

V Igneous Roclcs: \ ' . ♦ 

granite, diorite, peridotite, andesite, - : ^ 

basalt-amygd^iloidal, tuff, syenite,* , a-a- 

gabbro, rhyolite, basalt, breccia, * n 

porphyry-feldspkr ..... ; 1 set per school set t^'-- . 

* Sedimentary Roclcs:^ ^ 
conglomerate, sandstone, greywacKe, shale, ' 4 

limestone, -dolomite,^ breccia, arkose, ^ ^ ^ / 

siltstone, travertine, fossiliferous limestone, ' . » 

chert, coal 1 set per school^ set 

IMetpmorphic Roclcs: V 
quarfzite, slate, schist, gneiss, phyllite, " . . - 
marble, metaconglomerate 1 set pe?^chool . . .'^ set 

V ' ^ \( ' ■ ' 

Fossils Recommended for Study In Geology 12 X. ^ 

The following list is not meant to be a complete list of t'h^dex fossils At western Canada. Teachers 
can modify the list, if necessary. LoC^F fosfeils should surely be included. The student should be able 
to recognize at least one index fossil from each geo.lcfgic pieriod. It specimens are not available for 
study it may be possible to study an illustration or a sli^. In some case's 'plaster casts may be made 
of specimens in University collections. Many of the ffcssils listed may be purcfiased from Arbor 
Scientific Ltd. or from Geofossll Canada Ltd. One classroom set of 20 fossils from western Canada is, 
to be pr6vided buWthis can be expanded by additions from local collections, etc. 

Index Fossils of Western Canfida 

■ - * I • 

Item Amount Required Unit 6f Supply 

Lower and Middle Cambrian , 

Olenellus (trilobite) - - ' 

Paedeumias (triioblte) . ; 1 set per school set 

Middle Cambrian 

Elrathhia.(trilobi,te) ' ^ 

Ogygopsis (trilobite) 1 
Bathyuriscus (trilobite) 1 set.per s'chool set * _ 

Middle and Upper Camtxrian ' 

Paradoxides (trilobite) ^ ^ 

Cedaria (trilobite) . 

Labiostria (trilobite) 1 set pQr school. set 

Ordovlcian ^ ^ 

Gryptolhhus (trilobifS) \ ' ^ ' 

Flexicalymene (trilobite) • ' " ' ^- . • 

Platystrophia (brachiopod) ^ 
Glyptorthis (brachiopod) ' ' ^ . 

Byssonyohia (clarpl , . ; 

Rhynchotrema (brachitopod) 
Dinorthis (brachiopod) 
M^nograptus (graptolite) ' 

Cljmacograptus (graptolite) 1 set per schoo) . . . set 
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Silurian 

Caryocriniles (cystoid) 
.Eocoelia (brachlopod) 

ConGhidium (brachiopod) ^ ' 

A,trypa (brachlopod) 
. Pavosltes (coral) . - 

Halysltes (coral) 

Columnaria (coral)' 1 ssr^per School 

Devonian 

Amphlpora (stromatatoporoid) 

Atrypa (brachlopod) , ^ 

Mesophyllum (coral) 
Leiorhynchus (brachiopod) 
• Hadrorhynchra (brachiopod) ^ 
Stringocephalus (brachlopod) 

Gypidula (brachlopod) \ ^ . 

' T'heodossia (brachiopod) ■ ' 
Renfeselaeria (brachlopod) 1 set per school. 

Mississippian 

Cle.io4hyridina (brachiopod) 
Splrifer (brachiopod)^ 
Lithostrotionella (coral) 
crinold stems - ^ 

Fenestrellina. (bryozoa) . . . 1 set per sphool 

pQnn^ylvanian , 

Punctosplrifer (brachiopod) / 
Neospirifer, (brachlopod) 
' bomposita (brachiopod) 1 set per school 

Permian . 

Parafusullna (foraminlfera) 
Neosplrlfer (brachiopod) 
Stpeptorhynchus (brachiopod) 

Spirlferella (brachiopod) 1 set per school 

Lower Triassic 

Opbiceras (ammonite) 

Pseudomonotis (clam) 1 set per school 

Middle Triassic ^ ' ^ 

Terebratula (brachiopod) 

Protrachyceras' (.ammonite) ^ 1 set per school 

Upper Triassic 

. Himavatites (ammonite) 
Gryphaea (clam) 

Monoti3 (clam) 1 set per school 

Lower Jurassic and IMiddle Jurassic 

Paracaloceras (ammonite) 
Grammoceras (ammonite) 
Warrenoceras (ammonite) 

Kosmoceras (ammonite) ; 1 set per school 

UpiSer Jurassic 

Buchia (clam) 
Inoceramus (clam) 

Sonninia (ammonilte) . .' 1 set per school 

Lower Cretaceous 

Buchia (clam) 
Inoceramus (clam) . * 

Heteroceras (ammonite) . . — . - 1 s^t per school 
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Upper Cretaceous 

Scaphites (ammonite) ' 
Baculit^fi (ammonite) 
Inoceramu^ (clam) 
Ostrea (clam) 
<VI\?iparus (snail) 

carbonized wobd"'(varrable) . ' 

sHicltied wood (variable) 1 set per school 

Pleistocene tmarine) 

Serrlpes (clam) 
Mytilus (clam) 
Mya (clam) 
Natica (snail) 
Aslarte (clam) , 
Nuc.ulana (clam) 
Chlamys (clam) 
Cllnocardium (clam) 

Bal^nus (b.arnacle) 1 set per school 
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PLANTS 



Plants 



Item 

Devonian ^ Carboniferous 

Psilbphytoji 
Calamites 

Linopteris * '. 
, ferns 

scale trees. 
M-etasequoia (conifer) 
Cercidiphyllum (angiospe'rp/ 
Ginkgo (angiosperm)- 

Mesozoic — Cenozoic 

Sequoia . ' . ■. 

Lacix ' • 

Plnus 

Carpites j^. . 



i 



Amount Required 



/ 



Unit of Supply 



1 set per school . . . . , set 



1 set per school set 



Fossils are illu&trated in GEOLOGY/AnD ECONOMIC MINERALS OF CANADA (1970). Mar>y. but not 
all. W the indBx fo^ils listed can bje purchased from Arbpr Sci.entific Ltd., Box 1 1-3. Port Credit. On- 
tario. 



)a set of twenty fossils from-western Canada is avai'tabJe from Geofossil Canada Ltd.. Box 3651. 
Postal S'tation B., Calgary. Alberta. T2iy] 4M4. Thq'set iadludes a stc^age tray, a 25 page descriptive 
booklet and 20 origLnar35 mm color slides. The- set^ deludes the^following fossils:^ 



Coenites (coral) 
Synngopora (coral) 
Amphipora (stromatjoporoid.) 
Fenestrellina (bryozoa) 
Vivip^rus (snail) 
Ostrea (clam) 
Ba'culites (ammonite) 
Atrypa' (brachiopod) 
Spinfer (brachiopod) 
Paedeumias (trilobite) 



Labiostria (trilobite) 
/crinoid stem 
'dinosaur. bone 
"Carbonized wood" 
silicified wppd 
M eta sequoia ^(conifer) 
conif^7 cqne ' 
Ginkgo 

Cercidiphyllum (angiosperm) 



IS suggested that storage space-be provided for Gej^logfcak Specimens. 



Item 



• 10 Drawer Geological 

Specimen Cabinet (Ward s type)^. 



Amount Required 

1 per school 



Unit of Supply 



each 
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AUDIO-VISUAL MATERIALS 



MAPS AMD WALL CHARTS 



Item Amount Required > Unit of Supply 



\ 

Maps: •! i 

.Geologic Map (local area) ' 1 per station ^ each . 

Surficial Geology Map (local area) 1 per station each 

Geologic Map-of Retreat of / 
Wisconsin and Recent Ice 'in ' • ' - 

.North America....... 1 per station each 

^(The above are available from the Geological Survey of Canada,) 

Geologic Maps of B.C., Canada 

(Geological Survey of Canada) 1 per station.. v v... each 

Geologic Map of North America ' ■ 

' (U.S. Geological Survey) 1 per, station each 

Tectonic Map of North America 

(Geological SoCietV of America) ■ ... 1 pec station ;.. each 

. Tectonic Map of U.S.. 
U.S. Geological Survey. 

1962 (1:2 500 000) - 1 per station ■ each' 

The Age of the Ocean Basins 
by W.C. Pitman III et al.. 1974, 

Geol. Society of America.. , 1 per station.. each 

Glacial Map of Canada. 
Map 1253A. Geol. Survey 

of' Canada. (1:5 000 000) .. 1 per station each 

/ Pleistocene. Eolian Deposits of the 

/ U.S.. Alaska, and Parts of - . 

' • Canada. Geol. Society of America. . ^ - 

1952. (1:^ 500 000). ^ ^. ■ ■ 1 per station each 



/ 



Wall Charts: 

Chart showing physical features of 

ocean basins (Available fjom: 
• GeologiT^al Society of Ar;/erica. 
"Boulder, Colorado) . . 



Charts showing physical features of 
ocean basins (Available from: 
Time, Jncorporated, Time-Life 
Building,* New York) 

Depos4ts Near Medicine Ha^t, Alberta 
(Available trcJjn Publications Distribution 
Office, Geological Survey of Canada. 
601 Booth Street, Ottawa)' 

•Surficial Ge6logy Map of 

•North America ' , 



1 per class each 



1 per class • each 



1 per class each 



1 per station each 
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FILMS 

■ ^ 

Films recommended support material for Geology 12 are listed below. All films marked ( + ) are 
included in. the list of filrps for Earth Science 11, but may also be of value in this course. Films 
marked ( * ) are available on a free loan basis from the Provincial Educational Media Centre, 4455 
Juneau Street. Burnaby. British ^Columbla V5C 4C4.. 

Films" marked (T) are available for purchase in video tape format from PEMC through each district's 
PEMC liaison, " - - ■ 



Arrangements for obtaining other listed filme may be made through local District Resource Centres 

;ed to 

J 



Notations A. B, C, and D are used to indicate the Special relevance of films to a particular section of 
the course 



All films indicated are in coloi 



Tf 

T+ ♦ 

T ★ 

T ♦ 

T ♦ 



Name 



Spurce 


Time 


Section 


NASA. 1973. 


. 27 


min 


C 


NASA . V . . . 


25 


min 


D 


NASA. 1973. 


. 13 


min 


D 


NASA, 1970. 


. 25 


mjn 


D 


NFB. 1975 . . . 


15 


min 


A 


Macmillari ^^f 


15 


min . . 


D 



V Canada 

Continental Drift - ^ NFB. 1968 

Continents Adrift 

Earthquakes: Lesson of a Disaster 

Erosion Levelling the L^nd 

Evidence for the Ice Age. 

Glacier on the Move . . . , : 



How Solid IS Rock'^ ' 

Rocks that form on the Earths Surface 
Rocks that Originate Underground 



The San Andreas Fault ' 

Volcanic Landscapes Part 1 ^. ^ 

Volcanic Landscapes Part 2 

Volcanoes Exploring the Restless Earth 



NFB. 


1968 . . 


1 0 m 1 n; 


A 


AEF 




. 17/'fnin 


A 


EBE 




/ 

. A 3 min 


A 


EBE . 




, 1 4 m 1 n . . ^. . . . 


A 


EBE . 


..^/ 


. 22 mm: 


A 


EBE > 




. 11 min 


■ A 


EB^ 




. 20 min 


A 


"ebe 




. 22 mm. 


A 


EBE 




. 16 min 


A 


EBE 




. - 23 min. 


A 


NFB, 


1968 . . 


. 17 mm. . . . 


A 


EBE 




. 21 mm 


A 






. 45 min. . 


A 






• 45 min. 


A 


EBE 




. 18 mm 


A 
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Why do we still have^Mountains?. EBE 20 min A 

The Beach A River Of Sand EBE 20 min /\ • 

Castlegual-d Caves NFB, 1975... 50 min..\ A . 

Satellites of the Sun NFB, 1975 .. . 12 min...'' D 

V 

Energy for the Future EBE 17 min D . 

What'Makes Rain . . . EBE 22 min C 



The Moon: A Giant Step in Geology EBE 24 min D 

Horizon: Drifting of Continents BBC 50 min. 

Horizon: The-PlaneTs BBC 54 min.. 

Energy Series '. GWF 

a. The Dilemma , .•GWF,... 20 min. 

b. The Nuclear Alternative. . GWF 20 min. 

c. New Sources GWF 20 min. 

d. . Less is More GWF . . . 18 min. 

THE PLANET OF MAN (SERIES) — \ 

The series hinges on the thegry of/global plate tectonics. It also reconstructs, in ^mo^f 
form, how vast forces of water, wirfd, ice and the shifting crust, have shaped the earth w 
w^^ on today, ahd show how, we may be able to predict future consequences. 

Name Source Time Section 

'Voices of Time (Grand Canyon of Arizona) OECA 30 min..,. A 

to 

The Jigsaw Fit (Plate Tectonics) OECA ." 30 min . A 

The Fire Within (Types of Volcanic Activity) OECA 30 min A 

Trail of Ice Age Blues (Effect of Glaciation OECA ... 30 min .A 

on the Features of Nortl^ America) 

Mountain Heritage — The Appalachians (Rl^le. . . OECA 30 min A 

Tectonics, Volcanism, Mountain building) 

,\ b • ' 

Shield of Plenty (Precambrfan Earth) f OECA... 30 mirl A 

< e 

Challenge of the Deep (Minerals on the OECA.." 30 min ' C 

'Ocean Floors) - ' > - . 

The Inner' Limit (A Crbss-Section of the Earth)... OECA 30 min A 

The Cosmic Connection (Meteorite OECA 30, min '.D. 

Bombardme%)t) 



Beyond, A Doubt: A Revolution.../.... OECA 30 min .A 

(Con^jept of Continental Drift) 

The Uneventful Day (Weathering /and Erosion) . OECA 30 min A 

This series Is ^vailable by purchase through your district PEMC liaison. 



NASA FMms may be obtained f^om: ^ or 
National Science Film Library 
1762 Carlin.g Street 

Ottawa. Ontario ' - 

Hubbard Super 8 Filmloops may be obtained from: 
Visual Education Centre 
115^erkeley Street 
.Toronto, Ontario . ^ 



NASA Ames Research Centre 
(Educational\Progarm Office) 
Moffet F^ield V 
Csriiforhia, U.S.A. '94035 
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SUPER 8 FILMLOOPS 



Name 



Sedimentation: Settling Rates .... 
Sedirnentation- Turbidity Currents 

Deltas • 

' Alluvial Fans 

Stream CtH^^ffs . . . ' , 

Stream Erpsion Cycle 

Stream Piracy ..»....' 

Development of 'Shorelines. 

Earth Structures 

Mountain Building 

Glacial Movement 

Ofcean Shores .). 

Overthrust Faults . . i 



Sourci^ 

Hubbard 




Anatomy^ a Volcano. 



Section 

A 

A 

/A 

"a 

A 
A 
A 
A 
A 
, A 
A 
A 
A 
A 



FILMSTRIPS ^ 

Field Identification of Minerals... 

Laboratory Analysis of Minerals.. 

Min'erals and Crystals 

Mln^erals of Economic Importance. 



Rocks and Minerals 

Kit contains 13 rock samples and > 
3 filmstrlps. map and^bool^ts 



MEM 
MEM 
MEM 
MEM 

NFB 



-A 
A 
A 
. A 
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Source 



Section 



SOUND FILMSTRIPS 

Recdgnizing Rock Making^Minerals . 

Comparing Rocks 

Volcanic Rocks 

•Shale, Sandstone and Conglomerate 

Plutonic (Granitic) Rocks 

Metamorphic Rocks ... 

The Rock Familie3 • • ■ • 

Rocks and Minerals..'. 



EBE 
EBE 
EBE 
EBE 
EBE 
EBE 
EBE 



MEM (Mclntyne 
Educ. Media) 



MEM 



MEM 



Rivers 1 . . , 

Rivers 2 . . r . 

' \ ■ 

Rivers'3 • • MEM 

Soils 1 . . . MEM 

Waterfalls an# ^rges v • ; 

Weathrering MEM 



,The Sea: Erosion 

The Sea Deposition . 

Fold Mountains 

Volcanoes 1 » 

Volcanoes 2 

Volcanicity 

Ice 1 

'Ice 2 



MEM 
MEM 
MfM 
-MEM 
MEM 
MEM 
MEM 
MEM 
MEM 
M€M 



6 



Ice 3 

I - j 
Plate Tectonics / . 

Earthquakes MEM 

Evidence that Continents Move MEM 

Dating Geological Events ' MEM 

How Fossils are Formed " • EBE 
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Collecting- and Interpreting Fossils \ . .■ EBE 

Fossils and the Relative Agea of Rocks. . r ^ . . . . EBE 

•Fossils and Prehistoric Environments., EEC 

Fossilb' and Organic Change , EBE 

^^J^^^ . ^^^^ Source 
STUDY PRINTS . 

Plate Tectonics (8 Study Prints), ' 

SLIDES 

Earth Science Slides BCTF Lesaon 

- ' . . Aid M1 

Glaciation: Multimedia Kit NFB 

' (O/H Transparencies, slides, 
• teachers* guide) 

Athabasca Glacier: Study of a BCTF Lesson 

Valley Glacier Aid M51 

Exploration of Planets,...^ BCTF Lesson 

Mariner, Pioneer and Viking Missions , Aid 

Earth from Space and Remote' BCTF Lesson; 

Sensing of .Earth Resources " 'Aid 

MISCELLANEOUS (VISUALS ETC ) 

How to Conduft A Field Exercise BCTF Lesson 

to a Mine ' ^ ^ \ Aid #2096 

An Economic Approach To The BCTF Lesson 

Mining Industry of B.C.^ Aid #5857 

■ ' ' - 125. 



SUPPLEMENTARY REFERENCE TEXTS 

'l. .Derek York. Pla^ict Earth (McGraw-Hill), ' \ 

2. McDonald R , Years and Yearn A^o (Evergreen Press). " - ' . . ^ * 

3. Hurlbut, C.S,. Dana's Manual of Mincrohy^y. 17th ed. (Ward's Earth Science Books). 

4. Read, et al. Ihymtnti^ Geology (George Allen '& Unwin Press). . , 

5. Donn. W.L , 77/f tr/r^/; (Wiley). , / . 

6. 3e2i''Ching for Structure Series,' Rot'^s, Minerals, Fossils. 

7. Strahler. The Larth (Harpe^& Row),- , • ' 

8. Spencer. E.W,. The Dx/naffuc Tarih (Croweri), . ' . * ^ ^ ^ ^ ; ^ 

9. Foundations of E5irth Science Series, Eicher, D.L.. Geologic Time (Prentice-HafllK . ^ ^ 

' ■■■■ ■ ^ ■ ' " ' ^ ^ " 

10. Ward, B., This Blue Planet (LWile Brown). -v * » . 

11. Bates,-. R.L.. Gtv/(yy (Heath). * . . ^ . ' . ; 

12. Bird.' J.B.. N'atiiral Laruiscnpes .of Canada (Wjjey). ^ • 

13. Foundations of Earth Science Series: Units 24-27. , • ' 

— Earth History I and II. (Open University Press) 

— Major Features of Earth's Surface, (OF>en University Press) 

14. Baircl. b.M , Oi/r Earth in Continuous 0;<j«\v* (McGraw-Hill), ' 

15. Alberta Society of Petroleum Geologists. The Face of Tune (A Geological Kistory of Western 
Canada) . . - 

— 612 Lougheed Building. C^Jgary. Alberta ; ' ^ 

^ ' ' ' ■ * ' ' * ' 

16 Hallam. A.. A Revolution m the Earth ^c^t^fices from' Continental Drift to Plate Tectonics ^Oxford 
University Pres*^). 1974. . ' , 

17 Kucera.* R E.. Prohm^ the Athaluiscu Glacier (Evergreen Press). 1975. 

18. Kucera. R E.. Lake Louise Moraine Lake (Evergreen Press). 1974. * . 

■ ' • , ■ .-^^v' . 

19 Pamphi^t Series available fronr B C.T.F. Lesson Aids. -Vancouver. B.C. (E<jite(3 by Dr» John RAu, 
Dept. oj Geological Sciences. U.BC) * ^ ^ ' ' r\ • 

,Gefc)logic Hazards of B^tish Columbia . : - J 

Th6 Ice Age in British Columbia ' ' . ■ ^ • ^. 

"Tha'^ Volcanoes oi Britisy Columbia - , 

Iv)' Earthquak^t^ Risk in Brilish Cdlumbig V . * -4 

v) G.eology of thi^r North Shore . , ' 

vit > Geology of th^* Upper f^ra^er "Valley (Hope to Abbofsofrd) 

'20.. Skinner. BJ., Earth Resource!^ (Prentice-Hall).' ' • ^ • 

21. J'S^inner, B,J., and Turekian. K.K.. and the Ocelw (Prentic'e-Hall). ' ' ' , • * 



PRESCRIBED TEXTBOOK LIST r 

The textbooks authorized tor the Geology 12 courses -are listed below. The scale of issue of 
authorized fexts Is ihfllcated in the Prescrib0d Textbook List. The Prescribed Textbook List is 
published -annually by" the Curriculum Development Branch and is available from the Publication 
Services Branch., . - - . 

GEOLOGY 12 

1. Janes: Geoici^\/')iti(i the New Clobul Tcrffm/cV (Macmillan). 

2. Long: Gr()/c)vjv (/yicG raw-Hill). > - 
3.. Gilluly: Prtiicipks .GV(>/^>yy (W.H. Freeman). 

Laboratory Mttnuult 

. 1. Hamblih, How.ard: Lxcrci^ics in Phyfiicul Gcohy^y (Burgess-M^cAinsh). ^ / 

2. (a) . AfV^tey, Chase: Etwironmeuts Throi{}^h Time (Burgess-^^'(^A(nsh). or 

(b) Bri6e, Levin: i^ihoratory Stuciics in Earth History, Wm,.Q, Brown (Burns & MacEachern). 

Student Rafarance Kit 

1. Bickford,. et al.: Gro/oyv Toihy {CRf^ Books, Random House). 

2 Greely/Schultz A'Pnmcr ;// Lunar Cw'()/()yv/-Comment edition (Ames Research Centre, National 
Aeronautics and Space Administration. Moffett Field, California). . * 

"3. Stokes: i^Ht'fttiiils of Earth History. 3rd edition (Prentice-Hall). 

». . ■ \ 

f , - 

4 C,coli}^y anil Economic Mnicrai^ of Cafuuin (Queen's Printer, Ottawa). 

5. Rcadinsi^ From Scwnttfic Ahict^can t^hinvt Earth (W.H . Freeman ) ,l 

6. Foundations of ..Earth Science Series. 

(a) ' Laporte' Atkh^ni Ihwironmrni^ (Prentice-Hall). 

(b) McAlester: T^'n* /i/^^N>ri/ /j/f (Prentice-Hall). 



Skinner: r.a'r'ni RcM^urcc^ (Prentice-Hall). 



/ ■ , 
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